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Abstract

During 1975, the U.S. Geological Survey, in cooperation with other 

Federal and State agencies, university groups, and private companies, 

continued its program to augment and refine information on the 

composition of coal in the United States. This report includes all 

analytical data on 799 channel samples of coal beds from major operating 

mines and core holes in 28 States, collected mainly by State Geological 

Surveys under a cooperative program funded largely by the U.S. Energy 

Research and Development Administration.

For each sample, the U.S. Geological Survey has quantitatively 

determined the amounts of 24 major, minor, and trace elements (including 

Al, As, Cd, Cu, F, Hg, Mh, Na, Pb, Se, U, and Zn), and has semiquantita- 

tively determined the concentrations of 15 to 20 additional trace elements 

(including B, Be, Cr, Ge, Mo, Ni, and V). In addition, the U.S. Bureau 

of Mines has provided proximate and ultimate analyses, and Rtu and 

forms-of-sulfur determinations on 488 of the samples.

Statistical summaries of the data are given for all coal samples in 

the United States, for coal divided by rank (53 anthracite, 509 bituminous 

coal, 183 subbituminous coal, and 54 lignite samples), and the arithmetic 

means, ranges, and geometric means and deviations are given for the coal 

in each of seven different major coal areas in the United States. For 

example, the average coal in the United States contains 11.3 percent ash, 

10.0 percent moisture, 2.0 percent sulfur, and has 11,180 Btu per pound; 

of the 10 major oxides determined on the 525°C ash, the average SiO 

content is 38 percent, Al ?0_ 20 percent, and Na~0 0.67 percent; the 

average Cd content is 7.3 ppm, Pb 114 ppm, and Zn 151 ppm (range 1 ppm to 

6.0 percent). As determined on the raw coal, the average Hg content is 

0.18 ppm (range <0.01 to 63.0 ppm), the Se content 4.1 ppm (range <0.1 to 

150 ppm), and the U content 1.8 ppm (range <0.2 to 42.9 ppm).
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Introduction

The present and planned large surge in the mining and utilization 

of coal has resulted in increasingly frequent requests from industry, 

university and government groups for detailed high-quality data on the 

composition of coal in the United States. These data are fundamental 

in determining the initial economic value of the coal, in evaluating 

environmental effects of coal mining and coal use, and in determining 

the adaptability of the coal to beneficiation (cleaning), gasification, 

liquefaction, and other technologic processes of coal treatment.

For 5 years, the U.S. Geological Survey, in cooperation with the 

Bureau of Mines, has had a growing coal geochemistry program to collect 

representative samples from the hundreds of beds of coal (lignite, 

subbituminous, bituminous, and anthracite) from which coal is being 

produced, or will be produced in the United States. Beginning with the 

collection and analysis of 71 coal samples and 16 power-plant ash samples 

for the U.S. Department of the Interior's Southwest Energy Study in 1971, 

the program has steadily expanded. Now, more than 3,100 samples have 

been analyzed by the U.S. Geological Survey, and most of the analyses 

have been made publically available in several reports (Swanson, 1972; 

U.S. Geological Survey and Montana Bureau of Mines and Geology, 1973, 

1974, 1976; Swanson, Huffman, and Hamilton, 1974; U.S. Bureau of Land 

Management, 1975a, b, c; Staff, U.S. Geological Survey, 1975; this 

report). Major segments of the data have also been summarized in a 

series of papers presented at national scientific meetings (Swanson and 

Vine, 1972; Medlin and others, 1975a, b, and 1976; Coleman and others, 

1975: Millard and Swanson, 1975), and prepared by the State Geological 

Surveys (Glass [Wyoming]., 1975; Conwell [Alaska], 1976; Williamson 

[Mississippi], 1976; Self and others [Alabama], in press).

On April 30, 1975, the coal geochemistry program was further 

expanded by the infusion of funds to the U.S. Geological Survey by the 

U.S. Energy Research and Development Administration. Coincident with 

this expansion, the State Geological Surveys were invited to cooperate 

in the program by submitting samples for analysis. Consequently, the 

program is now geared to collect and analyze about 2,000 samples per 

year.



This report contains tables of analyses of coal samples submitted 

to the U.S. Geological Survey in 1975. About 80 percent of the 

samples were collected by State Geological Surveys and analyzed 

under the USGS-ERDA agreement, about 15 percent of the samples 

were generated within the several projects of the U.S. Geological 

Survey, and the remainder were obtained and analyzed under 

cooperative arrangements of mutual benefit with coal companies 

and university groups.
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Methods of sample collection and analysis

Since the inception of the program, the U.S. Geological Survey 

has issued and informally distributed a set of guidelines on collecting 

coal samples and a summary of the chemical methods used in analyzing 

the samples. This information is now available in a U.S. Geological Survey 

Circular (Swanson and Huffman, 1976). In general, most samples are 

channel samples of individual coal beds; where beds exceed 1.5 m (5 ft) in 

thickness, a channel sample is taken of each 1.5-m (5-ft) interval. The 

same sample intervals are used in drill-core samples. The samples, each 

weighing about 2 kg (4-5 Ib), are put into and transported in plastic bags to



minimize moisture loss and possible chemical contamination, particularly 

trace-metal contamination by cloth bags or metal containers. The 

sequence of sample preparation and the methods of chemical analysis 

routinely used on samples are shown in the following chart (fig. 1) .

All completed coal chemical analyses, including both U.S. Bureau 

of Mines and U.S. Geological Survey analyses, are on file on computer 

cards, and also are stored in the U.S. Geological Survey's National 

Coal Resource Data System. These data can thus be rapidly retrieved, 

and can be statistically manipulated for local, regional, or National 

summation, correlation, and map-display purposes.

Distribution of sample localities

The areas containing the coal resources in the United States are 

divided into provinces, regions,, and fields (Trumbull, 1960). The 

specific areas and number of samples reported on here are listed in 

table 1 (States are also listed for information purposes). The 

descriptions of individual samples are given in the sets of tables of 

analytical data for each area. It should be noted that, as of 

February 15, 1976, about an additional 300 samples have been submitted 

to the laboratories, mostly from the 28 States listed in table 1, but 

also from Idaho and Nevada.
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Table 1. Distribution and number of samples by coal area and State

Area No. Area No.

Eastern Province                384

Pennsylvania Anthracite Region- 53

Appalachian Region            331

Pennsylvania              97

Ohio                     70

Maryland 

West Virginia 

Virginia 

Kentucky 

Tennessee

8

49

45

34

18

Alabama                   10

Interior Province- 

Northern Region- 

Michigan   -

143

3

3

Eastern Region               22

Indiana                  22

Illinois                 0

Kentucky                 0

Western Region               118

Iowa                     32

Nebraska                 5

Missouri                 30

Kansas                   14

Oklahoma                 21

Arkansas                 16

Gulf Province (lignite)- 

Alabama          

Mississippi      

Arkansas       - 

Texas         -

34

19

7

8

Northern Great Plains Province   93

Fort Union Region   

North Dakota   - 

Montana       -

Powder River Region- 

Montana       - 

Wyoming       -

Rocky Mountain Province- 

Wyoming           - 

Hams Fork Region - 

Green River Region-

18

18

0

75

40

35

124

34

14

3

Hanna Field              17

Colorado              

North Park Field         

Boulder-Weld Field        

Denver Region          

Canon City Field        

Utah                      

Uinta Region          

Arizona               

Black Mesa Field        

New Mexico             

San Juan River Region     

Raton Field              

Carthage and Jornada Fields

Pacific Coast Province- 

Washington -    -

Alaska Province-

0 Total number of samples

30

21

3

2

4

26

26

16

16

18

12

2

4

3

3

18

799



Evaluation of sample distribution and ©f geochemical

data presented

Each analysis on each coal sample contributes significantly to 

the base of knowledge necessary for intelligent evaluation and 

utilization of the coal resources of the United States. Thus, 

each of the approximately 45,000 individual chemical determinations 

(about 115,000 reported values) on the 799 samples in this report 

is both valuable and noteworthy. The majority of the samples are 

from some 150 major producing mines in the United States, and the 

resulting analytical data provide the first comprehensive modern 

basis for summarizing elemental contents of U.S. coal, for example, 

the average arsenic, mercury, or selenium content of U.S. coal.

However, these averages can be misinterpreted and placed in 

the wrong perspective. To place the program in a slightly different 

perspective, Averitt (1975) estimated the coal resources of the 

United States to be 3.968 trillion short tons. Using this figure, 

each of the 3,133 coal samples analyzed during the first 5 years 

of the U.S. Geological Survey's coal geochemistry program could be 

considered as having to represent more than 1 billion tons of coal. 

This is hardly a statistically valid basis for evaluating the 

quality of coal in the United States. Nor is this number of samples 

sufficient on which to make sound decisions on all of the technological 

and environmental problems that will arise during the planned mining 

and utilization of coal within the next few decades. From this 

latter perspective, the Nation's demonstrated reserve base for coal 

that can be currently mined economically by underground or by 

stripping methods is about 437 billion short tons (U.S. Bur. Mines, 

1975); on this basis, one sample would have to represent about 

140 million tons, which is equivalent to about one sample for three 

major strip mines, or one sample for 14 major underground mines.

Both the geographic and stratigraphic distribution of samples 

described in this report is presently strongly biased in favor of 

accessible existing mines that are, in some cases, contiguous to 

each other. Samples from many smaller mines, coal outcrops, and 

drill cores will be needed to provide a better sample distribution

for valid statistical studies.
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The actual amounts of 41 to 45 chemical elements are given in 

the many tables of data in the following parts of this report. 

Table 2L, which does not include the five organic elements (C, H, N, 

0, and S), is presented here to provide some basis for evaluating 

whether the amounts of one or more elements in coal are significantly 

different (higher or lower) than the average amounts in shale 

(Turekian and Wedepohl, 1961, table 2) or the Earth's crust (Taylor, 

1964, table 3). Each element can thus be individually compared, and 

a summation of those elements appreciably concentrated in coal is 

given in the text section for all coal in the United States, and at 

the beginning of the presentation of data for each province. However, 

it is beyond the scope of this report to describe the known or probable 

association of each element with the mineral or organic fraction of 

coal, or the probable fate of the element during coal combustion, or 

other coal utilization processes.



Table 2 . Average content of 43 elements in shale and

in Earth's crust, to be used for comparison with the

contents of these elements in coal listed in other

tables in this report

Shale, average 

(Turekian and Wedepohl, 1961)

Si

Al

Ca

Mg

Na

K

Fe

Mn

Tl

P

Cl

As

Cd

Cu

F

Hg

LI

Pb

Sb

Se

Th

U

Zn

Ag

B

Ba

Be

Ce

Co

Cr

Ga

Ge

La

Mb

Mb

Md

Nl

Sc

Sr

V

Y

Yb

Zr

7.3Z

8.0Z

2. 21%

1.5Z

.96Z

2.66Z

4.72Z

.085Z

.46Z

.070Z

.08Z

13 ppm

.3 ppm

45 ppm

740 ppm

. 4 ppm

66 ppm

20 ppm

1.5 ppm

.6 ppm

12 ppm

3 . 7 ppm

95 ppm

.07 ppm

100 ppm

580 ppm

3 ppm

59 ppm

19 ppm

90 ppm

19 ppm

1.6 ppm

92 ppm

2.6 ppm

11 ppm

24 ppm

68 ppm

13 T>pm

300 ppm

130 ppm

26 ppm

2.6 ppm

160 ppm

Earth's crust, average 

(Taylor, 1964)

28.15Z

8.23Z

4.15Z

2.33Z

2.36Z

2.09Z

5.63Z

.095Z

.57Z

.105Z

.013Z

1 . 8 ppm

.2 ppm

55 ppm

625 ppm

.08 ppm

20 ppm

12.5 ppm

. 2 ppm

.05 ppm

9 . 6 ppm

2 . 7 ppm

70 ppm

.07 ppm

10 ppm

425 ppm

2 . 8 ppm

60 ppm

25 ppm

100 ppm

15 ppm

1.5 ppm

30 ppm

1.5 ppm

20 ppm

28 ppm

75 ppm

22 ppm

375 ppm

135 ppm

33 ppm

3.0 ppm

165 ppm
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Explanation of data presentation 

The remaining part of this report presents the geochemical data

on the 799 samples analyzed in 1975, and the summaries of these data.

The first section is a summary, including tables, of the average

composition of coal in the United States, and of the average composition

of the different ranks of coal in the United States.

The format of the remaining sections of the report is as follows:

1. Summary of sample and analytical data by coal province, including 

a. Written summary.

b. Map showing locations from which coal samples collected, 

c. Table listing means and ranges of proximate, ultimate, Btu,

and forms-of-sulfur determinations, 

d. Table listing means and ranges of major and minor oxides

in ash of coal, 

e. Table listing means and ranges of elements calculated on

whole-coal basis (to be compared with data in table

that gives the average abundance of these elements in

the Earth's crust and in shale).

2. Listing of data on individual samples by State or coal field, 

including

a. Table of sample descriptions.

b. Table presenting analyses by U.S. Bureau of Mines, including 

proximate and ultimate analyses, and the Btu and forms-of- 

sulfur determinations.

c. Table of analyses of laboratory ash, including major and

minor oxide content, quantitative determinations of five 

trace elements, and the semiquantitative determinations 

of an additional 17 to 20 trace elements.

d. Table of quantitative analyses of whole coal for seven 

trace elements.

e. Table of all major, minor, and trace elements on a whole- 

coal basis.
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The geographic locality of each sample is given as to State and 

county except for Alaska. Alaska is not divided into counties, so the 

samples are located on the basis of quadrangle maps instead of counties. 

However, within the U.S. Geological Survey data system, the locality 

is given more precisely in either latitude and longitude coordinates 

or by a township, range, section, and quarter-section designation.

The names of all coal beds in some regions are not listed 

because of correlation problems within basins or, as in parts of 

the western U.S., because many beds have not been named or formally 

correlated. Because of the above, some coal-bed names in the tables 

are designated simply as undetermined or unknown, by informal numbers 

or by letters, or by some other descriptive term. In the western 

U.S., the name of the geologic formation which contains the coal bed 

is used where the coal-bed name is unknown or uncertain. To 

facilitate distinctions in the tables, the letter (B) for coal bed, 

or (F) for formation precedes the name.

In the table displaying the U.S. Bureau of Mines analyses, 

quite commonly several samples have been composited into one sample 

for analysis. An asterisk by the sample number indicates where 

compositing has been done. As a consequence of this compositing, 

the number of samples, within a given set, submitted for proximate 

and ultimate analyses will often be less than the number of samples 

submitted for other oxide and elemental analyses. Compositing of 

samples is done where several samples are from the same locality 

(outcrop, mine face, or drill core), or where a set of samples is 

closely spaced within a general area.

The sample numbers preceded by the letter D or W (Denver or 

Washington) indicate the U.S. Geological Survey laboratory 

responsible for the analysis.
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In this report the geometric mean (GM) is used as the estimate of 

the most probable concentration (mode); the geometric mean is the 

antilog of the logarithms of concentrations. The measure of scatter 

about the mode used here is the geometric deviation (GD) which is the 

antilog of the standard deviation of the logarithms of concentration. 

These statistics are used because of the common tendency for the amounts 

of trace elements in natural materials to exhibit positively skewed 

frequency distributions; these distributions are normalized by analyzing 

and summarizing trace element data on a logarithmic basis.

If the frequency distributions are, in fact, lognormal, the 

geometric mean is the best estimate of the mode, and the estimated 

range of the central two-thirds of the observed distribution has a 

lower limit equal to GM/GD and an upper limit equal to GM-GD. The

estimated range of the central 95 percent of the observed distribution
2 2 

has a lower limit equal to GM/(GD) and an upper limit equal to GM*(GD)

(Connor and others, 1976).

Although the geometric mean is, in general, an adequate estimate 

of the most common concentration, it is, nevertheless, a biased 

estimate of the arithmetic mean. In the summary tables of data, the 

estimates of the arithmetic means are Sichel's _t statistic (Miesch, 

1967). In this report the terms arithmetic mean, average value, and 

abundance are used synonymously.

A common problem in statistical summaries of trace element data 

arises when the element concentration in one or more of the samples 

lies below the limit of analytical detection, resulting in a censored 

distribution. Procedures developed by Cohen (1959) were used here to 

compute unbiased estimates of the geometric mean, geometric deviation, 

and arithmetic mean where the concentration data are censored.
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Average composition of coal in the United States

The analytical data in this report are not adequate in number and 

sufficiently representative (table 3) to make reliable estimations of 

the average composition of coal in the United States and of the 

different ranks of coal. However, these estimates are listed for 

several purposes: 1) the value given for any element or component can 

be used as a baseline value for comparing the higher or lower value of 

another coal sample or group of coal samples; 2) the list of element 

abundances in coal can be added to and readily compared to similar 

lists of average abundances for shale, sedimentary rocks, and the 

Earth's crust; and 3) list provides an informed basis for reasonable 

decisions on the most efficient utilization of coal, regulation of coal 

use, and the expected potential for byproduct recovery from coal use.

No attempt is made in this report to compare the averages of coal 

composition given here to the many averages published in years past by 

others.

Table 4A presents the average composition (ultimate and proximate 

analyses) of the 488 coal samples analyzed for this report by the U.S. 

Bureau of Mines. The values given are believed to be excellent averages 

for all coal in the United States, and for the different ranks of coal, 

with the possible exception of lignite. The average values, for example, 

for percent ash and sulfur in lignite appear to be about 20 to 25 percent 

too high, and the Btu/lb to be about 20 to 25 percent too low; the 

explanation for these abnormal average values for lignite is the 

predominance of data from the 19 samples of lignite from Alabama and 

Mississippi (not currently mined), compared with only seven samples 

from the Fort Union region.
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Table 3 . Percent of samples by coal rank included in this report,
related to coal reserves and
States as of

Rank of coal and 
number of samples

Anthracite   53

Bituminous   509

Subbituminous   183

Lignite   54

January 1, 1974.

Percent of 
samples 
by rank

6.6

63.7

22.9

6.8

coal production in

Demonstrated coal 
reserves^' by rank 

(percent)

1.6

53.6

38.4

6.4

the United

2/ Coal produced 
by rank 
(percent)

0.6

95.1

3.1

1.2

- Modified from U.S. Bureau of Mines (1974)

21
- Modified from Averitt (1975, p. 37).
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Table4-B . Average composition of ash (10 major oxides, in percent, and four trace
elements , in parts per million) of all

[Percent

All coal 
(799 samples)

ash determined

Anthracite 
(53 samples)

coal samples and of samples by rank of coal.

at 525°C on air-dried coal]

Bituminous 
(509 samples)

Subbituminous 
(183 samples)

Lignite 
(54 samples)

Ash, percent

13.5 12.6 13.9 10.8 21.6

Oxides, percent

Si02

A1203

CaO

MgO

Na20

K20

Pe203

MnO

Ti02

SO,

Cd

Cu

Li

Pb

Zn

38

20

7.3

1.6

.67

1.4

17

.10

1.0

7.4

7.3

166

142

114

278

44

31

1.0

.73

.58

2.0

5.3

.03

2.0

1.2

Trace

1.5

314

291

95

151

38

20

4.3

1.1

.45

1.6

23

.10

1.0

3.9

elements, ppm

12.3

190

167

151

368

37

16

13

3.1

1.4

.60

7.2

.06

.82

12

1.0

95

61

44

173

36

12

12

3.6

2.1

.78

.14

.10

.85

17

3.6

93

60

61

114
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TablaAC . Average amounta of 36 elementa in all coal aamplea and in different ranks of coal, presented
on whole-coal basis. For corner ison, average amounta in shale are listed
1961.

Percent

Si

Al

Ca

Kg

Ha

K

Fa

Ha

Ti

ppm

As

Cd

Cu

P

Hg

Li

Pb

Sb

Se

Tb

U

Zn

B

Ba

Ba

Co

Cr

Ga

Ho

Nb

Ni

Sc

Sr

V

Y

Yb

Zr

table 2).

All coal 
(799 samples)

2.6

1.4

.54

.12

.06

.18

1.6

.01

.08

15

1.3

19

74

.18

20

16

1.1

4.1

4.7

1.8

39

50

150

2

7

15

7

3

3

15

3

100

20

10

1

30

Anthracite 
(53 aamplea)

2.7

2.0

.07

.06

.05

.24

.44

.002

.15

6

.3

27

61

.15

33

10

.9

3.5

5.4

1.5

16

10

100

1.5

7

20

7

2

3

20

5

100

20

10

1

50

Bltuminoua 
(SOQ samples)

2.6

1.4

.33

.08

.04

.21

2.2

.01

.08

25

1.6

22

77

.20

23

22

1.4

4.6

5.0

1.9

53

50

100

2

7

15

7

3

3

20

3

100

20

10

1

30

Subbituminoua 
(183 aamplea)

2.0

1.0

.78

.18

.10

.06

.52

.006

.05

3

.2

10

63

.12

7

5

.7

1.3

3.3

1.3

19

70

300

.7

2

7

3

1.5

5

5

2

100

15

5

.5

20

(Tureklan and Wedepohl.

Lignite 
(54 aamplea)

4.9

1.6

1.2

.31

.21

.20

2.0

.015

.12

6

1.0

20

94

.-16

19

14

.7

5.3

6.3

2.5

30

100

300

2

5

20

7

2-

5

15

5

300

30

15

1.5

SO

Average
ahale

7.3

8.0

2.21

1.55

.96

2.66

4.72

.085

.46

13

.3

45

740

.4

66

20

1.5

.6

12

3.7

95

100

580

3.0

19

90

19

2.6

11

68

13

300

130

26

2.6

160
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Of particular interest in these figures are the average moisture 

content of 10.0 percent for all coal in the United States, 11.3 percent 

ash, 2.0 percent sulfur, and 11,180 Btu per Ib. The fact that 60 percent 

of the sulfur in United States coal is in the form of sulfides (pyritic 

sulfur) is also worthy of note. The decrease of moisture and oxygen 

content with increase of coal rank, and the increase of Btu values with 

coal rank are as expected. The decrease of hydrogen content with 

increasing rank is indicative of the loss of volatile matter, and 

suggests that the lower-rank coal, lignite and subbituminous coal, is 

of more value for gasification and liquefaction uses.

The average compositions of the ash of all coal in the United States, 

and of coal by rank are presented in table 4B. Silica is the most 

abundant component, followed by alumina and ferric oxide. The fact 

that the contents of both calcium and magnesium oxides are two to three 

times greater in lignite and subbituminous coal than in bituminous coal 

and anthracite is noteworthy; the explanation is very likely that the 

calcium and magnesium compounds initially deposited in peat are more 

soluble than other inorganic compounds and are largely removed during 

the coalification process. By contrast, silica and alumina are largely 

inert in the acid environment of peat and coal and are residually 

concentrated during coalification. No explanation will be attempted 

here to explain the very conspicuous decrease of S0_ content of ash with 

increase in coal rank, except to suggest that the sulfur is captured 

during combustion to form calcium, magnesium, and sodium sulfates, 

which make up a significant part of the ash of lower-rank coal.
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The average amounts of phosphate (P 0,.) and chlorine (Cl) in coal 

ash are not given in table 4B, because too many samples contained 

amounts less than the limit of analytical detection to provide meaningful 

averages.

Of the averages of quantitative determinations for the five trace 

elements listed in table 46 , it should be noted that the significantly 

higher average amounts of cadmium, lead, and zinc in bituminous coal 

are directly related to the higher amount of average pyritic sulfur in 

bituminous coal (see table 4A).

The final summary table (table 4C ) lists the average amounts of 

36 elements in all coal samples and in the different ranks of coal, 

presented on a whole-coal basis. (The average values for the five major 

organic elements in coal hydrogen, carbon, nitrogen, oxygen, and sulfur, 

listed in table 4A are not repeated in table 4C).
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This table 4C is presented in order to look at the composition of 

coal as a rock type, and in order to compare the composition of coal 

with the composition of the most abundant sedimentary rock, shale. As 

might be expected, those elements that form the "major oxides" in coal, 

silicon through titanium, are, without exception, significantly less in 

coal than in shale. The same holds true for most of the trace elements. 

The only important exceptions are arsenic, cadmium, and selenium, 

and then only for some of the average values of the different ranks of 

coal. Selenium averages from two to nine times higher in the different 

coal ranks than in shale. The average amounts of molybdenum, lead, 

antimony, and zinc in coal are very similar to those in shale. When 

one recalls that the average sulfur content of all coal is 2-.0 percent 

(table 4A), and that of shale is 0.24 percent (Turekian and Wedepohl, 

1961, table 2), the average amounts of the above listed seven trace 

elements in coal are better understood because they generally are 

considered to be directly correlated with sulfur, and are present in coal 

mainly as sulfides associated with pyrite.
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Summary of analyses of anthracite, Pennsylvania anthracite region

Tabulated chemical data for 53 anthracite samples from rocks of 

Pennsylvania age in east-central Pennsylvania (fig. 2) are presented 

in tables 6B, 6C, 6D, and 6E. Statistical summaries of these data are 

listed in tables 5A, 5B, and 5C.

Table 5A summarizes, on an as-received basis, the ultimate, proximate, 

Btu, and forms-of-sulfur determinations on 38 Pennsylvania anthracite 

region samples. From this table, the average (arithmetic mean) ash 

content is 12.6 percent, nitrogen 0.8 percent, sulfur 0.8 percent, 

and the average Btu/lb is 12,780. For comparison, the average ash 

content of 158 bituminous coal samples from the Appalachian region 

(table 7A) is 11.0 percent, nitrogen 1.3 percent, sulfur 2.3 percent, 

and the average Btu/lb is 12,890.

A comparison of the average concentrations of oxides and elements 

in the laboratory ash of the 53 anthracite samples (table 5B) with those 

in the laboratory ash of 331 bituminous coal samples from the Appalachian 

region (table 7B) shows that Al 0_, Na 0, and TiO. concentrations are 

higher by more than 50 percent in the Pennsylvania anthracite, while 

Fe~0~, CaO, MnO, S0_, and Cd are higher by more than 50 percent in the 

Appalachian region coal. SiO~, MgO, K.O, Cu, Li, Pb, and Zn concentrations 

are about the same in both sets of samples.

Table 5C summarizes the oxide or element data calculated to, or 

reported on, a whole-coal basis. For comparative purposes, the average 

element concentrations in shale (Turekian and Wedepohl, 1961, table 2) 

are also listed. A comparison of the average values of elements in 

Pennsylvania anthracite with those in the average shale shows that the 

concentrations of Zn, Ba, and V are less by more than a factor of five 

in the coal, and that the concentrations of Ca, Mg, Na, K, Fe, Mn, 

F, and B are less by more than a factor of ten. Only Se is enriched 

in the coal by more than a factor of five. The concentrations of the 

24 other elements reported in the table are very similar to those in the 

average shale.
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Figure 2 . Number and distribution 

of samples, Eastern Province.

Explanation:    c \ v \^--.*. N̂ ^ r-
 '.\.l,V\^KjX~. J \

less than 10 samples 

10 to 19 samples 

20 or more samples
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Table 5A . Arithmetic mean, observed range, geometric mean, and geometric
deviation of
Pennsylvania

proximate,
anthracite

[All values are in percent

ultimate, and forms-of-sulfur analyses for 38
region samples

except Btu and are reported on the as-received 
basis]

Arithmetic _. , Observed range mean 6
(abundance) Minimum Maximum

Proximate and ultimate

Moisture

Volatile matter

Fixed carbon

Ash

Hydrogen

Carbon

Nitrogen

Oxygen

Sulfur

Btu

1.4

6.5

79.5

12.6

2.4

80.1

.8

3.2

.8

12,780

0.5

3.8

39.8

5.2

1.7

43.2

.5

1.3

.3

6,730 14,

Geometric 
mean 

(expected 
value)

Geometric 
deviation

analyses

3.9,

11.2

87.0

45.1

3.5

88.2

1.4

9.0

5.1

360

1.3

6.3

78.8

11.1

2.3  

79.5

.8

3.1

.7

12,690

1.5

1.3

1.2

1.6

1.2

1.1

1.3

1.3

1.6

1.1

Forms of sulfur

Sulfate

Pyritic

Organic

0.02

.35

.48

0.00

.03

.17

0.09

4.47

.83

0.01

.16

.45

2.0

2.8

1.5
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deviation of 15 maior and minor oxides
of 53 Pennsylvania

[All samples were ashed

Oxide or 
element

Ash %

Si02

A1203 %

CaO %

MgO

Na20 %

K20%

Fe203 %

MnO %

Ti02 %

S03

Cd ppm

Cu ppm

Li ppm

Pb ppm

Zn ppm

Arithmetic 
mean 

(abundance)

12.6

44

31

1.0

.73

.58

2.0

5.3

.029

2.0

1.2

1.5

314

291

95

151

anthracite

at 550°C; 
value

Observed 

Minimum

3.1

24

17

.11

.29

.09

.43

.78

.020L

.63

.10L

.5

36

42

13

.63

samples

L after a 
shown]

range 

Maximum

38.4

63

46

15

3.17

4.31

4.6

30

.51

4.8

7.3

5.5

8,850

1,940

592

1,310

and trace elements

value means less

Geometric 
mean 

(expected value)

10.9

42

30

.58

.66

.40

1.8

3.9

.001

1.8

.31

1.1

196

220

69

91

in the ash

than the

Geometric 
deviation

1.7

1.3

1.3

2.9

1.6

2.3

1.6

2.2

16.2

1.5

5.4

1.7

2.6

2.1

2.2

2.7
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Table5 C . Arithmetic mean, observed range, geometric mean, and geometric 
deviation of 36 elements in 53 Pennsylvania anthracite region samples. 
For comparison average shale values are listed (Turekian and Wedepohl. 
1961)

[As,F,Hg,Sb, Se, Th, and U values used to calculate the statistics were
determined directly on whole-coal. All other values used were calculated 
from determinations made on coal ash. L means less than the value shown]

Element

Si %
Al I
Ca %
Mg Z
Na 2
K %
Fe %
Mn ppm
Ti %
As ppm
Cd ppm
Cu ppm
F ppm
Hg ppm
Li ppm
Pb ppm
Sb ppm
Se ppm
Th ppm
U ppm
Zn ppm
B ppm
Ba ppm
Be ppm
Co ppm
Cr ppm
Ga ppm
Mo ppm
Nb ppm
Ni ppm
Sc ppm
Sr ppm
V ppm
Y ppm
Yb ppm
Zr ppm

Arithmetic 
mean 

(abundance)

2.7
2.0
.072
.055
.046
.24
.44

18
.15

6
.26

27.3
61

.15
33.1
9.6
.9

3.5
5.4
1.5

16.1
10

100
1.5
7

20
7
2
3

20
5

100
20
10
1

50

Observed range 

Minimum Maximum

3.6
.46
.007
.015
.005
.019
.055

4.8 L
.014
.7
.02

5.9
20 L

.03
4.0
1,0
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Summary of analyses of bituminous coal, Appalachian region

Tabulated chemical data for 331 bituminous coal samples from rocks 

of Pennsylvanian age in the Appalachian region (Pennsylvania, Ohio, 

Maryland, West Virginia, Virginia, Kentucky, Tennessee, and Alabama; 

fig. 2) are presented in tables 8-15. Statistical summaries of these 

data are listed in tables 7A, 7B, and 7C.

Table 7A summarizes on an as-received basis, the ultimate, proximate, 

Btu, and forms-of-sulfur determinations on 158 Appalachian region samples. 

From this table, the average (arithmetic mean) ash content of coal in this 

region is 11.0 percent, nitrogen 1,3 percent, sulfur 2.3 percent, and 

the average Btu/lb is 12,890. For comparison, the average ash content 

of 90 Interior province bituminous coal samples (table 16A) is 12.6 

percent, nitrogen 1.2 percent, sulfur 3.9 percent, and the average 

Btu/lb is 11,580.

A comparison of the average concentrations of oxides and elements 

in the laboratory ash of 331 Appalachian region coal samples (table 7B) 

with those in the laboratory ash of 143 Interior province bituminous 

coal samples (table 16B) shows that SiO , Al 0 , K 0, TiO , Cu, and
^_l ^1 -J ^   £ 

Li concentrations are higher by more than 50 percent in the Appalachian 

region coal, while CaO^Fe^O , MnO, S0«, Cd, Pb, and Zn concentrations 

are higher by more than 50 percent in the Interior province coal. 

MgO, Na~0, and Cu concentrations are about the same in both sets of 

samples.

Table 7C summarizes the oxide or element data calculated to, or 

reported on, a whole-coal basis. For comparative purposes, the average 

element concentrations in shale (Turekian and Wedepohl, 1961, table 2) 

are also listed. A comparison of the average values of elements in 

Appalachian region coal with those in the average shale shows that the 

concentrations of Al, Fe, Ti, F, Ba, and V are less by more than a 

factor of five in the coal, and that the concentrations of Ca, Mg, Na, 

and K are less by more than a factor of ten. Only Se is enriched in 

the coal by more than a factor of five. The concentrations of the 

25 other elements reported in the table are very similar to those in 

the average shale.
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Table 7A.  Arithmetic mean, observed range, geometric mean, and geometric
deviation of proximate, ultimate, and forms-of -sulfur analyses for
158 Appalachian region coal samples

[All values are in percent except Btu and are reported on the as-received 
basis]

Arithmetic _, , 
Observed range mean

(abundance) Minimum Maximum

Proximate and ultimate

Moisture

Volatile matter

Fixed carbon

Ash

Hydrogen

Carbon

Nitrogen

Oxygen

Sulfur

Btu

2.8

31.6

54.6

11.0

4.9

72.6

1.3

7.8

2.3

12,890

0.7

17.3

30.2

2.4

2.4

35-0

.2

1.4

.5

6,700 . 15,

Geometric 
mean 

(expected 
value)

Geometric 
deviation

analyses

15.1

44.5

74.5

45.2

5.7

85.9

1.6

27.6

15.0

000

2.4

30.8

53.7

9.2

4.9

72.0

1.3

7.2

1.6

12,800

1.6

1.3

1.2

1.8

1.1

1.1

1.3

1.5

2.3

1.1

Forms of sulfur

Sulfate

Pyritic

Organic

0.09

1.56

.74

0.00

.02

.13

0.67

12.8

2.0

0.05

.60

.66

3.4

5.2

1.6
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Table 73. Arithmetic mean, observed range, geometric mean, and geometric
deviation of 15 major and minor oxides
of 331 Appalachian Region coal samples

[All samples were ashed at 550°C; L after 
value shown]

Oxide or 
element

Ash %

Si02 %

A1203 %

CaO

MgO %

Na20 %

K20 %

Fe2°3 %

MnO %

Ti02 %

so3

Cd ppm

Cu ppm

Li ppm

Pb ppm

Zn ppm

Arithmetic 
mean 

(abundance)

13.3

41

23

1.9

.90

.36

1.8

21

.073

1.2

2.4

5.4

223

197

116

156

Observed 

Minimum

2.5

6.4

2.4

.10L

.18

.07

.08

1.2

.005

.18

.10L

.5L

28

200

16

24

range 

Maximum

95.4

69

40

29

5.04

4.29

4.5

77

.57

3.9

17

15

8,600

710

619

3,900

and trace elements

a value means less

Geometric 
mean 

(expected value)

11.0

39

22

1.2

.80

.30

1.5

14

.049

1.1

1.2

2.1

145

171

99

116

in the ash

than the

Geometric 
deviation

1.8

1.4

1.3

2.7

1.7

1.8

1.8

2.5

2.4

1.5

3.3

3.9

2.5

1.7

1.8

2.2



56

Table 7C . Arithmetic mean, observed range, geometric mean, and geometric 
deviation of 36 elements in 331 Appalachian region coal samples (whole- 
coal basis). For comparison average shale values are listed (Turekian 
and Wedepohl, 1961)

[As,F, Hg,Sb, Se, Th, and U values used to calculate the statistics were
determined directly on whole-coal. All other values used were calculated 
from determinations made on coal ash. L means less than the value shown, 
and G means greater than the value shown]

Element

Si %
Al %
Ca %
Mg %
Na %
K %
Fe %
Mn ppm
Ti %
As ppm
Cd ppm
Cu ppm
F ppm
Hg ppm
Li ppm
Pb ppm
Sb ppm
Se ppm
Th ppm
U ppm
Zn ppm
B ppm
Ba ppm
Be ppm
Co ppm
Cr ppm
Ga ppm
Mo ppm
Nb ppm
Ni ppm
Sc ppm
Sr ppm
V ppm
Y ppm
Yb ppm
Zr ppm

Arithmetic 
mean 

(abundance)

2.7
1.6
.12
.068
.032
.23

1.9
620

.09
27

.7
24
80

.24
27.6
15.3
1.2
4.7
4.9
1.4

20.0
30

100
2
7

20
7
3
5

15
5

100
20
10
1

50

Observed 

Minimum

0.22
.19
.023L
.007
.025
.008
.059

3.9 L 1
.011
.5
.03 L

1.2
20 L

.01
1.8
1
.1
.1 L

2.2
.2 L

range 

Maximum

25.0
10.5
2.0
1.10
.242

2.4
9.3

,000
.49

357
6.8

911
586

3.30
150
69.9
34.6

150
47.8
10.5

1.5 1,072
1
7
.3
.5
.5 L
.7
.2 L' .2

1.5.*
.7*

7
2
2
.15

2

100 G
700

7
300 G
70
30
30
20

300 G
15

700 G
150
70
5

300

Geometric 
mean 

(expected 
value)

1.2
1.3
.093
.052
.025
.13

1.0
200

.074
11

.3
16.0
60

.14
18.8
10.9

.8
3.5
2.8
1.0

12.8
20
70
2
5

15
7
2
3

15
3

70
20
7
.7

30

Geometric 
deviation

2.2
2.0
2.0
2.0
2.0
2.8
3.0.
4.6
2.1
3.8
3.6
2.4
2.1
2.7
2.4
2.3
2.4
2.2
2.8
2.3
2.6
3.0
3.2
1.9
2.2
2.2
2.0
2.6
2.3
2.1
2.0
2.3
2.0
1.8
1.8
2.8

Average 
shale

7.3
8.0
2.21
1.55
.96

2.66
4.72

850
.46

13
.3

45
740

.4
66
20
1.5
.6 .

12
3.7

95
100
580

3
19
90
19
2.6

11
68
13

300
130
26
2.6

160
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Ĥ-
3H-
to

O



179
X 
O« 
ft.

ft.

ft o» CM ft CM

O vO
... »*n*nr 

H o«-io^<
o

I 
ft.

W
P*«

o«nooo 
o

O
X Oi-»«-»i-»

OOI

O O

33333



180

g 
T

 9
 >

CM  4«»»«-ICM CM  4-4CM-* CM.-4  4CMenCM  4  -  -4  4

O<fO  fO OOOIOO OOO»-40I »-< -( O^H ( OOO lO OO«SO <

ooooo ir%oooo ooooo omooo
f^CSC~4<tCO »O CM m CM CO mcMCMCMn CMO\CMCMCM CMCMiOCMCM *-»«*ncM»T» CMncMCMCH

0-<000 OOOOO .-lO-HOO OOOOO -40000

*^° ooooo OCMOOO ooooo  40^100 ooooo
OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO

ooooo ooooo ooooo ooooo ooooo ooooo ooooo

OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO



COOOOOOOOD 
««J»J*J»J««J
ooooo

ooooo 
OOOK>O »J«*>*-

 o
X

.... ? 8
^ZZ « f 3

OOOt O 
.....
****** **

O 33

OOOON>
 d 
X

H

VOOOU>VOU>

U)
*  o o>

 d

s 
5
S.

T8T



ooooo ooooo ooooo ooooo ooooo ooooo ooooo

OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO

H
8-

aS
          -       e^brobb bbocoo 22222 222^^* 222°2 ^ 
f t- r-t- f f f ff fff f ffffr1 fff fffff »o

H
» 
n 
n

v»u> ^ 5* W^Wh.V, U^U^U, MM~«U, WMMMM ^ OV.U.O, WUM-M. N g

9 rt

I >  ° 
O » 

O
OOOOO OO» I I  I O» OO OOOH-O OOOO O OOO »XJ -

f ffff f ̂fff f f ff f f f f z zassssgss f zfff i » CO

VS) *fl

. TCO

B
o

__. _._lO OOOOcn ^JV^OOiO O~WV^iOVn UiOUlOO OV/iV/iOO OOVJiOin V^iOV-nOO !> 
OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO

Hrl
o
B

3 0 vj »-  »-«»-«i-» »-  *-«N» hO»-«t-«>-» »-«l-«»-«U>»-« K>>-">-« >-  -  |<O **
IB

f .fo 
o

o rofslU) MM***  "   "  IOM  -  N> >-"MM »-«U» t^ W 
^^O^^^/lO W Ol C?^*!Wi OWl^5O^5 t/W^^5**JO Vyt^J^J^D^5 *«JO "^J^JO O*U/lU/1 t_n f~*^j^j^ ^

o 

f f fffff fff ff f fff wo» ff f T SL

I9
o 
 o
5 «r 
T B CO

>*) rr
M M-

? §
A 2.

39T



183

o 
o

CO

P< «A

o 
u

I CO£

M 
«

OOOOO 
 < r-»ir»r 
«Q i-i

CO

omooo

CO

en t 
Or-KPOO

(0
o 
o§
o
4J

I
£
Ok

£
Pw

»4 **   *1
ooo^o



184

 o
0)
Jj

 H
*J

O 
CJ

0) 
 H
a
at 

us
rH
<0 
0
U
1
0)

rH 
0

JC
Jt

c
o
"v

4J

O
a
0)

.
 H
e H 
U

 H

a
0

*w
a
0) 

rH
o

a

05
0
U

i?

o
«S
O H

 H
a
o
§ go
u

c
§
01

rH 
0)
1
a
u
a
v^
4J

*C

a
«

0
c

fH
a
 

c
^

f
vu

0)
H

.
CO1
K

04

OOOOO OOOOO OOOOO OOOOO
os inoino^^ oinooio too*^ioo ooooin
tO ~-«CM«-«.--«  -( -« CMC") «-l    It-It-* .-tm CM <"» CM   ! -" 

CO
1 ZZZZZ ZZZZZ ZZZZZ ZZZZZ

04

z
CO

COi
04 m ' r» m
04    

O "\ ""* ^"~<
CO

CO

04

04

z " ^ *"* ^

CO

£
04

o **-* *** ^
z

CO

04 ficommm 10 r***** in mr^r** m ^^ CMf^r^
** o -S^H   « rH ^ ~* ^i
0
Z

CO1
PL, ... . ... ...

CM^. ^ _«^CM~,^ ^cn CMCO ~~>

X

CO

X **
04

04

3 ^ o^ ^.no^n ^o

CO
1 Z *J Z Z Z Z
jQ

M ° ""*"* ^^* «H « -^ «^«n

,
.

08

a, "^ .
^ ^^nijpi <u*iuri i/\ f^jfxjj^ ̂ ^ co^t^^co^^ ^41^ ^^(s|

d

3 SS??SS ^^^* ?J5^55 33353
X OOOOO OOOOO OOOOO OOOOO

ooooo ooooo ooooo ooooo
i/^C) ̂ O i/"\i^^ i^^io^^^^^^ C?C3 ^^ C3C3 C^iOiO^^u^

ZZZZZ ZZ Z ZZZZZ ZZJ H)

^
 -i cMon

in r» r»m
»      «ncMio conco n CM    «COCM cMmcncom

oi^or-o or-omo r-Mr-oo mr-omm

JJ ^Z JJJ ZZ.J.J Z^JJ

rr"n 12 o«>»«>»cv»r^ r^ «nm uTr- ^
 

i-3 i-l
mr^mcOin tn r^mmmm in in

 -  «-l COCMCO CM      ! m IK 1. 1. HH

r^^m m m^^in m m mm

Z

mr^ir»ioo ooocMin r^cMmr^O OOOO
-^  -! CMt-I^S ^-1 ~+ ^(«-»^«^H

ZZZ ,-3Zi-4 , 1 *4Z»4ZZ 1 1 »J
inr* iw^ r^ m m
»4" CMjH**"* iH CM«H "« »

^^ ^ ^.^
^^   ^uri^^t^i^ i^\i^t^ tf\ i^ ^^c^^4 c^i^i^i^^^

5S^5?S ^^S?J3 3333S S^25S
OOOOO OOOOO OOOOO OO^*^^

OOOOO OOOOO OOOOO OOOOO OOOOO OQOOQ OOOOO



Ta
bl
e 

12
F.
 M
aj
or
, 

mi
no
r,
 
an

d 
tr
ac
e-
el
em

en
t 

co
mp
os
it
io
n 

of
 
45
 
co
al
 
sa
mp
le
s 

fr
om

 V
ir
gi
ni
a,
 
re
po
rt
ed
 
on
 w
ho
le
-c
oa
l 
ba
si
s 
Co
nt
in
ue
d

SA
MP
LE
 

G
A
 P
PM

-S
 

GE
 
PP
M-
S 

L
A
 P

PM
-S

 
M
O
 P

PM
-S
 

NB
 
PP
M-
S 

ND
 
PP

M-
S 

HI
 
PP

M-
S 

SC
 
PP
M-
S 

SN
 
PP

M-
S 

SR
 
PP
M-
S

V1
87
05
4 

1.
5

V1
87

05
5 

10
W1

87
05

6 
1.

5 
"

W1
87
05
7 

5
V1
87

05
8 

3

  /
 L

 
.1
 L

15
 7

2
.5
 

.5
 

'.7

.7
 

.3
 

2

L L
3

L L L L L

15
 

20
 

10
 

50

1

.7
 

2 2

1.
5 
L 

5 
L 

.7
 L

 
10
 1.
5

15
0 

15
0 70
 

70
 

70

0
0
 

Ln



ooooo ooooo ooooo ooooo ooooo ooooo ooooo iZ£*-*im fZfZiZ^t- »-.£.»-.£:.»-. t~_^^»-.  ->->->-  - *-»-f-»-»- »->-, >-_-
ooooo ooooo ooooo ooooo ooooo ooooo 2° 2 2 2 M o* " " '-    -       M

n> 
>3
m

OOOWlO

CO

 o l»
 o o.

rr 
*t
to

fD

r± ln 
f 1°
(A

  B U) |_^.^. |_« k  l t U> (-*»   I i l--U> 90 
OUiOOO OV^>UiOO OOJ*-nV^>V/> UJO-^I^-JO «j^-»JOOWn ^jiO^COV*

TJ

2~* o 
y
o

 o 
o
H
n 
rt> 
a.
o
0

ar 
o t-*
(0
I
o 
oto
l-« 
er
Co 
CO
H- 
en 
l
o 
o 
yrt
H«
y 
n 

98T



Ta
bl
e 
>2

f.
 M

aj
or

, 
mi
no
r,
 
an
d 

tr
ac
e-
el
em
en
t 

co
mp
os
it
io
n 

of
 
45
 
co
al
 
sa
mp
le
s 

fr
om

 V
ir
gi
ni
a,
 
re

po
rt

ed
 
on
 w
ho
le
-c
oa
l 
b
a
s
i
s
 
C
o
n
t
i
n
u
e
d

SA
MP

LE
 

V 
PP
M-
S 

Y 
PP

M-
S 

YB
 
PP

M-
S 

ZR
 
PP
M-
S

W1
87

05
4 

5 
5 

0.
3 

20
 

W1
87
05
5 

50
 

7 
1 

70
 

W1
87
05
6 

3 
2 

.2
 

10 50 30

oo  vl



Ta
bl
e 

I3
A*
 
S
a
m
p
l
e
 
de

sc
ri

pt
io

ns
 
fo
r 

34
 
Pe

nn
sy

lv
an

ia
n 

bi
tu
mi
no
us
 
co

al
 
sa

mp
le

s 
fr

om
 K

en
tu

ck
y,

De
sc
ri
pt
io
n

Sa
mp

le
 
No
.

D1
71

57
9

D1
71

58
0

D1
71
58
1

D1
71

58
2

D1
71

58
3

D1
71
58
4

D1
71

58
5

D1
71

58
6

D1
71

58
7

D1
71
58
8

D1
71
58
9

D1
71
59
0

D1
71
59
1

D1
71

59
2

D1
71
59
3

D1
71

59
4

D1
71
59
5

D1
71

59
6

D1
71
59
7

D1
71
59

8
D1

71
59

9
D1
71
60
0

Co
un

ty

Jo
hn

so
n

 
 do
  

La
wr
en
ce

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
d
o
 

 
 do
  

 
 d
o
 

 
d
o
 

 
 do

  
 
d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

.  
 do
  

 
 d
o
 

 
d
o
 

 
 d
o
 

(B
)

(B
)

(B
)

(B
)

(B
)

(B
)

(B
)

Co
al
 b

ed
 
(B

) 
or
 
fo
rm
at
io
n 

(F
)

Va
n 

Le
ar

Wh
it

es
bu

rg
Pr

in
ce

ss
 

//
4 

(u
pp

er
)

Wh
it
es
bu
rg
 
(?
)

U.
 
Wh

it
es

bu
rg

 
(?

)
 
d
o
-

Li
tt

le
 
Fi
re
 
Cl
ay

 
 d
o
 

   
 do

  
 
 d
o
 

 
 d
o
 

 
d
o
-

Fi
re
 
Cl
ay
 
Ri
de
r

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
d
o
-

Ra
nk

Bi
tu
mi
no
us

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 do
-  

 
d
o
-

Sa
mp

le
 

ty
pe

Ch
an
ne
l

 
 do

  
 
 d
o
 

 
 do

  
 
d
o
  

 
d
o
-

Co
re

 
 d
o
 

 
 d
o
 

 
 
 d
O
'
  

 
 do
-  

 
 do

  
 
 d
o
 

,  
 do

  
-  
 do
-  

 
 do

,  
 
 do
'  

 
 d
o
 

 
 do
  

 
 do
  

 
 do

  
 
d
o
  

Th
ic

kn
es

s 
(m

et
re

s)

0.
18

 
 d
o
 

.9
2

.7
4

.1
5

.2
3

.1
8

.4
6

.2
0

.3
1

.4
6

.1
8

.2
5

.1
5

.6
6

.5
6

.4
3

.4
6

.2
5

.2
3

.1
8

.1
5

oo
 

oo



Ta
bl
e 

/^
|.

 S
am
pl
e 

de
sc
ri
pt
io
ns
 
fo
r 

34
 
Pe
nn
sy
lv
an
ia
n 

bi
tu
mi
no
us
 
co

al
 
sa

mp
le

s 
fr

om
 K
en
tu
ck
y 

(c
on

ti
nu

ed
).

De
sc
ri
pt
io
n

Sa
mp
le
 N

o.

D1
74

71
2

D1
74

71
3

D1
74

71
4

D1
74

71
6

D1
74
71

8
D1
75
71

9
D1
74
72

0
D1
74
72
1

D1
74
72

2
D1

74
72

3
D1

74
72

4
D1
74
72

5

Co
un
ty

La
wr

en
ce

 
 d
o
 

 
d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
d
o
 

(B
)

(B
)

(B
)

(B
)

(B
)

(B
)

(B
)

(B
)

(B
)

Co
al

 b
ed
 
(B

) 
or
 
fo

rm
at

io
n 

(F
)

OX XY (?
)

Wi
ll

ia
ms
 o
n

(?
)

Ha
za

rd
Li
tt

le
 
Fi
re
 
Cl

ay
Ri

ch
ar
ds
on

 
d
o
-

Pe
ac
h 

Or
ch

ar
d

 
 do

-  
-  
 do

  

Ra
nk

Bi
tu

mi
no

us
 
 d
o
 

 
 d
o
 

~
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

.  
 do

  
 
d
o
-

Sa
mp
le
 

ty
pe

Co
re

 
 d
o
 

 
 d
o
 

 
 do

  
 
 do
«  

 
 do

  
 
 do

  
 
 d
o
 

i  
 d
o
 

 
 d
o
 

 
 d
o
 

   
 d
o
 

Th
ic

kn
es

s 
(m
et
re
s)

0.
81 .8
9

.4
1

.4
6

 
 d
o
 

.5
1

.4
3

.7
1

.2
0

.3
6

.0
5

.2
8

0
0 vo



T
ab

le
 1

3
8
. 

 fr
oi

tl
m

at
e

t 
u

lt
im

a
te

. 
B

tu
. 

an
d 

fo
rm

a-
of

-s
u

lf
u

r 
an

al
ys

ee
 o

f 
22

 c
oa

l 
sa

m
pl

es
 

fr
om

 K
en

tu
ck

y

[A
ll

 a
n

al
ys

ea
 e

xc
ep

t 
B

tu
 a

re
 
la

 p
er

ce
n

t.
 

O
rg

in
le

l 
m

oi
st

u
re

 c
on

te
n

t 
m

ay
 b

e 
el

lg
h

tl
y

 m
or

e 
th

an
 a

ho
vn

 b
ec

au
se

 s
am

pl
es

 v
er

e 
co

ll
ec

te
d

 a
nd

 t
ra

n
sp

or
te

d
 

in
 

p
la

st
ic

 b
ag

s 
to

 a
vo

id
 m

et
al

 c
on

ta
m

in
at

io
n

. 
Fo

rm
 o

f 
an

al
ys

es
: 

1,
 

as
 

re
ce

iv
ed

; 
2,

 m
oi

st
u

re
 f

re
e;

 
3,

 
m

oi
st

u
re

 a
nd

 a
sh

 f
re

e.
 

A
ll

 a
n

al
ys

es
 b

y 
C

oa
l 

A
n

al
ye

ia
 S

ec
ti

on
, 

U
.S

. 
B

ur
ea

u 
of

 M
in

es
, 

P
it

ts
b

u
rg

h
, 

P
e.

 
N

.D
. 

m
ea

ne
 n

ot
 

de
te

rm
in

ed
]

PR
O

X
IM

A
TE

 
A

N
A

L
Y

SI
S

U
LT

IM
A

TE
 

A
N

A
L

Y
SI

S

SA
M

PL
E 

D
17

15
81

D
17

15
82

 

D
17

15
84

 

D
17

15
86

 

D
17

15
89

 

D
17

15
93

 

D
17

15
94

 

D
17

15
95

 

D
17

1S
96

 

D
17

47
12

 

D
17

47
13

 

D
17

47
14

FO
RM

 
O

F 
A

N
A

L
Y

SI
S 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

M
O

IS
T

U
R

E

6
.3

2
.9

4
.4

3
.1

2
.9

2
.3

2
.6

2
.4

2
.8

4
.3

3
.4 4
.9

V
O

L
.M

T
R

.

3
6

.6
 

3
9

.1
 

4
2

.7

3
7

.0
 

3
8

.1
 

4
1

.0

3
6

.3
 

3
8

.0
 

4
3

.9

3
6
.2

 
3
7
.3

 
4
3
.6

3
6
.4

 
3
7
.5

 
4
2
.3

3
2
.2

 
3
3
.0

 
5
1
.6

3
1
.5

 
3
2
.4

 
5
0
.1

3
3
.1

 
3
3
.9

 
5
1
.1

3
5
.9

 
3
7
.0

 
5
1
.5

4
0
.0

 
4
1
.8

 
4
8
.8

4
1
.6

 
4
3
.0

 
5
0
.0

3
4
.3

 
3
6
.0

 
4
4
.5

FI
X

E
D

 
C

4
9

.1
 

5
2

.4
 

5
7

.3

5
3

.2
 

5
4

.8
 

5
9

.0

4
6

.4
 

4
8

.5
 

5
6

.1

4
6

.8
 

4
8

.3
 

5
6

.4

4
9

.6
 

5
1

.1
 

5
7

.7

3
0

.2
 

3
0

.9
 

4
8

.4

3
1

.4
 

3
2

.2
 

4
9

.9

3
1

.6
 

3
2

.4
 

4
8

.9

3
3

.9
 

3
4

.8
 

4
8

.5

4
2

.0
 

4
3

.9
 

5
1

,2

4
1

.4
4

3
.0

 
5

0
.0

4
2
.7

 
4
4
.9

 
5
5
.5

A
SH 8
.0

 
8
.5

6
.9

 
7

.1

1
2

.9
 

1
3

.5

1
3

.9
 

1
4

.4

1
1

.1
 

1
1

.4

3
5

.3
 

3
6

.1

3
4

.5
3

5
.4

3
2

.9
 

3
3

.7

2
7

.4
 

2
8

.2

1
3

.7
 

1
4

.3

1
3

.6
 

1
4

.0

1
8

.2
 

1
9

.1

H
Y
D
R
O
G
E
N

5.
4

5.
0 

5.
4

5.
3 

5.
1 

5.
5

5.
2 

4.
9 

5.
6 

 

4.
9 

4.
7 

5.
5

5.
0 

4.
8 

5.
4

3.
7 

3.
5 

5.
5

3.
9 

3.
7 

5.
7

4.
0 

3.
8 

5.
8

4.
4

4.
2

5
.
8

5.
0 

4.
7 

5.
5

5.
0 

4.
8 

5.
6

4.
9 

4.
6

5.
6

C
A
R
B
O
N

72
.2
 

77
.1
 

84
.2

74
.3
 

76
.6
 

82
.4

68
.0
 

71
.1

 
82
.2

67
.8
 

7
0
.
0
 

81
.7

70
.7
 

72
.8
 

82
.2

45
.8
 

46
.9
 

73
.4

48
.4
 

49
.7
 

7
6
.
9

49
.2
 

50
.4
 

76
.1

53
.6
 

55
.1
 

7
6
.
7

64
.8
 

67
.7
 

79
.0

66
.3
 

68
.6
 

7
9
.
8

59
.7
 

62
.8
 

77
.7

N
I
T
R
O
G
E
N

1.
4 

1.
5 

1.
6

1.
5 

1.
6 

1.
7

1.
5 

1.
5 

1.
8

1.
4 

1.
4 

1.
7

1.
4 

1.
5 

1.
7 .9
 

.9
 

1.
4

1.
0 

1.
0 

1.
5 .9
 

1.
0 

1.
5

1.
1 

1.
1 

1.
6

1
.
2
 

1
.
2
 

1.
4

1.
4 

1
.
5
 

1.
7

1
.
2
 

1.
2 

1.
5

O
X
Y
G
E
N

11
.7
 

6.
6 

7.
3

1
1
.
2
 

8.
7 

9.
5

11
.8
 

8.
3 

9.
6

1
1
.
3
 

8.
8 

10
.2

1
1
.
1
 

8.
8 

9.
9

7.
9 

6.
1 

9.
5

8.
2 

6.
1 

9.
5

7
.
8
 

5.
8 

8.
6

8.
3 

6.
1 

8.
5

1
1
.
2
 

7
.
8
 

9.
2

11
.7
 

9.
1 

1
0
.
5

1
1
.
5
 

7.
6 

9.
4

S
U
L
F
U
R

1
.
3
 

1
.
3
 

1
.
5 .8
 

.9
 

.9 .6 .7
 

.8 .7
 

.7
 

.9 .7
 

.7
 

.8

6.
4

6.
5 

10
.2 4.
0 

4.
1 

6.
4

5.
2 

5.
3 

8.
0

5.
2

5.
3 

7.
4

4.
1

4
.
2
 

4.
9

2.
0 

2.
0 

2.
4

4.
5 

4.
7 

5.
8



oM M

> *

UIKIM UllOM UIKIM UllOM UllOM

MMM t_tf*»_i MMM MM M
Ul M O 4fc (O M   4k IO M UlOVO Ul VO OO 
tp IO «MJ UIUIVO O O Ul VO O ^J ON O CD
M IO O VD »J in ^ ON 4k ON IO 4k VO «J ON 
OOO OOO OOO OOO OOO

u> SB x 
it* it* it- II. 11.

Ul Ul ON O o
0 10 M

OOO 4k 4k 4k MMM Ul IO IO Jk |O tO
in 4k 4k CD M o OJ ui 4k «j   j ON to oo ~J

.

4k Ul Ul MMM Ul Ul tJ ON 4k 4k ON 4k 4k

-J oo ON uiuiio ON M vo o ui to in ui 10
otinot inuivo to M ~J 4kuiM OMO

M MMM

O 00 00 UIIOIO MVOVO O ^J ^J M ~J ~J
4k 4k O K>OB~J Ul VO 4k M Ul M M 4k IO

Ul tO M UIKJM UllOM U> *0 M UllOM UllOM UllOM M « 
0)

M M MMM M M M MMM MMM MMM
Ul OO 00 Ul 00 OO 4k (O (O 4k (O M 4k IO K) 4k Ul Ul UIUIIO
^J OO ON 4k U* Ul Ul OO 4k 4k CJ VO ON ON h-* Ul 4k ^3 f* ̂J OO CD
O Ul IO 4k VO VO O4k«J in ~J 00 4k «J M O 00 VD OtOON t-9 
OOO OOO OOO OOO OOO OOO O'O O C

>m
O

, , r , . r < ,   , , .* , , r , , ? , , .* s 0 O 0 0 O O O W
. . . . . . . (0

w
C

0 "0

UIIOIO UIUIUI OOO OOO OOO OOO OOO k)
OO Ul 4k OB ~J ON MMM tO tO tO 4k U) Ul IO IO IO IO IO IO H

S

4kUI4k UI4kU) MH*M MMM MMM IOMM OD -J ~J M
IO O M 4k ON Ul 4k M |O «J 4k 4k tO O O MVOVO 4k ON IO O

O

o 5
ON Ul bJ O ON ON ONU>UI ONUIUI ONUI4k ONONON ON in in M
O VO OO ON ^J ON -OVOOO OD OD ~J O IO VO VO Ul U) O Ul IO O

1

1
3E
n

S"0
M
C
r«"8
§

T6T



t*
b

l«
 I

3
&

 P
ro

K
J

iu
it

e.
 

u
lt

im
a
te

. 
B

tu
. 

»n
d 

fo
n

M
-o

f-
su

lf
u

r 
a
n

a
ly

se
s 

o
f 

22
 

co
a

l 
 a

a
p

l«
«

 
fr

om
 K

en
tu

ck
y 

C
on

ti
n

u
ed

PR
O

X
IM

A
T

E
 

A
N

A
L

Y
SI

S
U

L
T

IM
A

T
E

 
A

N
A

L
Y

SI
S

S
A
M
P
L
E

I
/

01
74
71
5 

~~

01
74
71
6

21
01
74
71
7 
 

01
74
71
8

01
74
71
9

01
74
72
0

01
74
72
1

01
74
72
2

01
74
72
3

0
1
7
4
7
2
5

FO
EN

 
Of

AN
AL

YS
IS 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3

MO
IS

TU
RE 6.
4 - - 5.
1 - - 3.
9 - - 3.
5  - 5.
2 - -

3.
3 - - 5.
3 - -

14
.7 - - 6.
4 - - 6.
6 - -

VO
L.

MT
R.

38
.5

41
.2

42
.8

35
.9

37
.8

40
.7

41
.2

42
.9

51
.2

39
.9

41
.4

43
.5

37
.0

39
.0

41
.3

36
.8

38
.1

43
.9

38
.6

40
.8

49
.5

34
.5

40
.5

42
.8

39
.1

41
.8

44
.3

35
.2

37
.7

39
.9

FI
XE
D 

C

51
.6

55
.0

57
.2

52
.3

55
.2

59
.3

39
.3

40
.8

48
.8

51
.8

53
.6

56
.5

52
.5

55
.4

58
.7

47
.1

48
.6

56
.1

39
.4

41
.6

50
.5

46
.1

54
.0

57
.2

49
.2

52
.5

55
.7

53
.1

56
.8

60
.1

AS
H

3.
5

3.
8 - 6.
7

7.
0 -

15
.6

16
.3 - 4.
8

5.
0 - 5.
3

5.
6 -

12
.8

13
.3 -

16
.7

17
.6 - 4.
7

5.
5 - 5.
3

5.
7 - 5.
1

5.
5 -

H
Y
D
R
O
G
E
N

5.
5

5.
2

5.
4

5.
4

5.
0

5.
4

4.
9

4.
7

5.
6

5.
4

5.
2

5.
5

5.
6

5.
3

5.
6

4.
9

4.
6

5.
4

4.
5

4.
1

5.
0

5.
7

4.
8

5.
1

5.
4

5.
0

5.
3

5.
2

4.
8

5.
1

C
A
R
B
O
N

73
.8

78
.9

82
.0

72
.5

76
.4

82
.2

64
.3

66
.9

79
.9

75
.2

78
.0

82
.1

73
.0

77
.0

81
.6

68
.6

71
.0

81
.9

60
.5

63
.9

77
.6

62
.2

72
.9

77
.1

71
.3

76
.1

80
.8

71
.9

76
.9

81
.4

NI
TR
OG
EN 1.
4

1.
5

1.
5

1.
5

1.
6

1.
7

1.
3

1.
4

1.
6

1.
4

1.
4

1.
5

1.
5

1.
6

1.
6

1.
3

1.
4

1.
6

1.
0

1.
0

1.
3

1.
0

1.
2

1.
3

1.
6

1.
7

1.
8

1.
4

1.
5

1.
6

OX
YG

EN

15
.2

10
.0

10
.4

13
.3 9.
4

10
.0

13
.1 9.
8

11
.9

12
.2 9.
3

9.
8

13
.9 9.
7

10
.4

11
.7 9.
0

10
.2

11
.0 6.
8

8.
0

25
.1

14
.1

14
.9

15
.3

10
.3

10
.9

15
.7

10
.6

11
.1

S
U
L
F
U
R

0.
6 .6 .7 .6 .6 .7 .8 .9

1.
0

1.
0

1.
1

1.
1 .7 .8 .8 .7 .7 .9

6.
3

6.
6

8.
1

1.
3

1.
5

1.
6

1.
1

1.
2

1.
2 .7 .7 .8

I/ 21
Co
re
 
sa

mp
le

, 
0.
33
 
m,

 
Ha

dd
ix

 b
ed
, 

La
wr

en
ce

 
Co
un
ty
.

 
 

Co
re
 
sa

mp
le

, 
0.

25
 
m,
 
Va

n 
Le

ar
 
be

d,
 
La
wr
en
ce
 
Co

un
ty

.

V
O
 

N
J



193

D

D
m
£,

0

Io
h

cj d vo co *»  vo «-i vo oo rH m r* o vo en 01
M m m m m in vo vo vo co m in vo m m vo2 d '         ' ' '       ' ' '
(9
06
O

cj vovor- in in vo 000*01 vo co o co en o
M OOO OOO rH rH 01 *  * Ul rH rH d

M O

0
0.

H ooo ooo ooo ooo ooo

S o
J3
CO

en 01 rH oo m vo
ca i*» m vo r*» m3 .4 ' '   ' '   ' '   ' '   ' '
o
<

g ooo ooo ooo ooo ooo 
co cool oi rH m oo  *  vo o er> «n r» co cr>

pa o en in. co in in  VONOI in o* r> cnvo^>
fOfl^ Olfl^ rHrH^ f^fl^ OICO^1

CO 
fe M rH Ol C1 rH<Nm rH Ol CO rH Ol f> rH «N m 
O CO

o 01 o\ m r"i 01 vo vo  «»  n e« ^ i- cool
in m in r^oooi rHr>^ co oo en vo vo r-

 HrHfH rH rH ft

<H oi in GM*> o mnm ro  «»  vo m ro <n
<N «N 01 oiinm ooo CM CM <N ooo

^ ^ m

 

000 CMfSm rH rH rH OOO OOO

«» r* vo in r»
ro m m rH oo

  It   1 1  !!   1 I   1 1
«H r- »H «H

ooo ooo ooo ooo ooo 
<N T vo  vmtn m co >H oiooo o oo vo
rH in ^f CA in  9 vo ^* 01 vo ^ f^ r^ in ̂ ^
01 01  * o rH  + o oi n oi «n  * r*«»»«»
rH rH rH rH rH rH rH rH rH rHrHrH rH rH rH

^.wm rH«m rH^«n ^wr> M««

>*
JCJ

3 in 
rH

0. r»



oooo ooooo ooooo ooooo ooooo
Vj^J^JVl "«l*vj<^l<oj<oj <-J'«^*J»J<-J ^J»O«*J^J»O «*J-*J~J^J -»J

«Nj**j«Nj^j **j«^j ̂j««j«*j **j *»j **j ON vyi v/i v./i v/i V-n vy1 vyi vyi i^n v^i vyi

t-/i4>u>ro fr OsOOoON 4>coioOvo Oo-vjONV»n4> coio>  ONO 

,£. t t  >-  *- *-' rot-1 >  >  lococo u»  ro >-«»-'
COlO^N^J ONfOCOONfO -P-H VOOO-J OOOVOIOVJ1 -»J.p-CO«^» 

voiocot    uiuivoooo cnoo^-JONvo uiOcrN-P^N^i vo*«jcoro\o 

u>ui4>-T> coN^«.r>co.p- ro.r>cocoro h-u>^>^4> .p- rouicn
4>S>O>OO OCOOOO  ^t-'CO.p^CO VOON4>ONVO -»J-»JONCOVO

C/i

coN»fo>-- roioiororo »  'rorot     t  t  roioro 10 H-COK> 
COCHON*»J fovji-vjro«vj vo~jcou»    >  «-j>  -t-ON oiocoo*-J

-r> 

>  roro rou>*» »  i i  to co

VOIOOOO -vJONfOOOO CUf ON-p-IO OOO«*/!\^>.P- -T>OO»  \^«-vl 
 sj SOON LO I 1 -VJ.P-ONCO »  -J N^JIO

»-  i  > 

VJiOO-vj^> foLOIOUivO ^>fOU)ONQO ON«vlVOOO ONfOVOO04> 
ONOOOO -vjrO>  U>O OOO(0^>  \^>ON^/>OO OOO-P^VOt 

t  '

»  u>roro >  »  u>-»ji    otot i+it  ron-ioroio t  i  >ioroio
OOOK3U) fOVOfoU)»O VD4>U1H-VD ONNOrOON{> VOi>OOONfO

   toi  ' K>I   »  »  NJI    »  tou>u>uo ro roio> 
> ONONV/> ON«»JVOt-'W vO^/lOfOVO ONCOI  *\^>4> UiOJ4>V^lfO 

CO -vIVJi -^I-P» ON

   co 10 coi  'to^>^> un*>roi  'i  ' ro-vi.r>
N>H-ONU« Cot  vyiO*^ OOlOfoOVO 4>UII  'VOt/i CO*vlCOCOro

roooo roto ON vo» 

OOOO OOOOO OOOl  '*- K5OOOO OO^/>OO
»  i  H_»_ »-«ou>wu> o>  IOONO 4>rorotoio roro-vjONto 
coosoro rov/i-r>ow voi  'Vji oooo oo coo 

r<rirlrl p'f f

   I-1*  roi     ro >  H- H- ro
fOfOt  ̂> WILOCOVOI  > ON-T>OOON\^> V/i-^l\OOOCO ON^ - vION^-

ro H- ON oo coroso vo*>JO'>«i oo^>

ooooo ooooo

v/ivji \-n\-nvyi vyi^c/ivyn^i >3

OO-JONVyi4> COIOH-ONO M

4>U>H- H- » 

OOfO^ONCO ONONOO\^irO

CDOOVO-P~O OcnOOON^i en
EC

X

^-^-U»N^«V^1 N^«^>\J1^>^>

VO-VI-^IJ^ON rooN»-'-r>ON to

O 
ro

X

 T>rofocoio cococococo > 
   rovoovo root  Coo t"1

O 
co

M

H-   t  '»  >   K>
..... ..... 0 
COVJONt  N^> 4>-vllOOOO > 
ONCOI  ' CO 4> O

X

H- O

-T>O4>-P-vyi OON^«VI-»JSO O 
ON4>Ovo\o cocovjicooo O

X

0 25
..... ..... p. 
t  rorocoro K>U>>  uioo to 
rooNOvyico toio\^«»  \o O

X

t  COH-I  'to roH-h-H-t 

»  .r>u>-r>t     vj-vji  >^>oo 10
0 

X

>   >  hij
»  -viroroi  rovouico^> w

\o >  o\o covoco o o 
co

X

0

ooooo ooooo z 
rofocoroco corocororo o 
4>ovoo»    -T>ocnoo
r1 r1 r1 fr1 x

   roi  'co »  i  'toi  i  > H

«^Ooco\^i\o *^N^«»  cnoo O 
so ro

r  * 
<
Co

cr" o cr d. to C

(u Co rt O (ii 
o rt o 0) C 
71- =T *  r-} 3 P 
n> 0 0) B " H 
ft CO rr H» ff

ro co 3 Z
03 0) H- 
rt cr sq 0. 0 3 

^3* n>

oo o to *< 3 H- 
1 ?r 0) co rt 

X) 0) CO 3* 
(p rt cr 0) 3 ro 
* CO O 0 O 1 
o   C H- rt 
ro 3 ua "0 
3 M a. C O. ro 
rt - co CD 0) 1 
  O n 3 rt o 

  H- rt ro ro

^ O co rt rt rr
03 0)

rt -vi 03 rt D. O 
{; » 1-1 H-   ^ 
O tt> < 

O 0) 03 13 
cr . M 3 03 
h< tn . CO D. M 
0> - ro "d rt 
o   0) Cd co 
?r o o

rt co . n ro ft)
CO <  OO O CO M

co oo 3 
{BO- ri CO 9 
rt   03 H- 

ro o ̂3 3 t-1 
vo     3* O t-1 
V/i Ul H- rt H- 

1 O ON O O 
 O   - Ci. 3 
(D H1 CD 0)  

O »   0) fD 
ro co M 1 H 
3 o oovj e a*
rt     to H- fD 

r-1 H- 3 
O   O CO fD O 
O     Ou O
3 ro ro   to
H> rt ON H* 
H- O   H CO 
CL « 3^ CO

3   CO f£> 
O (-3 *-  CO Mi l-t
(D 3" oo "d rt ro 

<    > (D   (D (D 
O M 0> 

X) o rr co 
i-!   ^ rt 3* 
fD !-  O 3* fl>
o rocro n) ex
H- - H
co co ro co

O rt 3* 0) 
3 0 H- 9 »-" 

  O 0) K> 
O    3 vyt 
Mi rj rt O

cr fl> o 
rt C to rt   
3* rr C H- 
(D H-1 rr 

03 rr H f
CO I-J (0 0)

ro P> B HI 
o n n n n 
n ro (c co o>
^ T) 3 «"t
0 0 rt co 

00 ^ O 03 
^ rt rt 
(u 0) cr sr < 

>o p. ro co co
3* rr  -  
H- 0> H- C

cr fD 3* 
Cu H- 3 fD 9 
0> rt rt 0) 
rt n H- < 03 
Co 03 M» CD 3 

rt H- r-1 CO 
H- H- fD C 
CO H-« CX 0) M 

VJ CO ft)
t> «: co  O (0 H- M to

^ 3* co rr 
03 rt 3* 
X H- oo ft) to 
f* 0. (P Ou 3 
B 1 0 _ 
p T) 0   rr 
rr o (P 0) 3* 
0) H- rr n tt> 
M s * n>
*< rt H- <

to n co
O M 
3 C 
tt> (D

H
to
cr
a>
\jt 
rs"i

!o
to

gL
gH-
3 
O 
^

X
H-
a.
fD 

03
3
a.
rt
n

ice-element (

:omposition c

i-h

rt 3- 
ro

M 
tu 
cr 
o 
n

n 
O
n
<
(U 
CO
sr
0 i-h

CO
JN

0
0
Co 
J-1

CO 
03
g

ft)
CO

Mi 
^ 
O
g
fD
u

stern Kentucl

 <



O

§
o

w 
o as o o

195

ooooo ooooo ooooo ooooo ooooo ooooo oooo
ooooo oooor*. ooooo ooooo omooo ooooo oooo

pQ in c? ̂ *^ i*^ u"\ c*"if^c*"}^i 4nc*"ic*"io^c*i c*jc*jc*jinc5 in^^incoin g *incDu"\in c^mr^jf^

se zz»j zz^jzz zzzz zsssszss zzzzz z zz zzzas 
o- «n
04

» 1»     4   4   4 f If I

53
6
M

OM

oJ SB
g tJ OOOOO OOOOO OOOOO pOOpp pOCMCMcS pp«^-vDvO OvOOvO

'X 

Pu 
Oi
pa ..... ..... ..... ..... .....
PL, ooooo ooooo ooooo ooomo oomoin

CN'-l'-t'-t   « P-« f  « p-l.  IC1"!.  I   * CM>

d £Oi
1-4 ..... .....

i-l ooooo ooooo poooo oopmp ooovoc-i noc^ioo^ noomo
p-H^H^^CMCM   ICMCM-^CM   Ip-l

OOOOO OOOOO OOOOO OOOOO OOeslvJ-O OCS-3-vOCS OOOCSOJ

.J.JJ.-U
ooooo ooooo ooooo ooomo ooooo ooooo oooo

c
<u
0)

JJ

3 ^
2 o
 o 
c

ooooo ooomo ooooo ooooo oocnoo ooooo oooo

H)
en cs vo ON CM oo o  too o

X J i-1 -J-J -J^J >-} -J.J.J

in mnoo-^ oo«~*mcMr*« i*»vo ooo oo<*^-^«   >n noo ocoooo ONOOO

Obi O  "   "*

r^-OOOO OOOO OO OOOO OOOO OOO^O^O^O^ CT>(T>O>O>^ O\O ^ ' <   <    «-  C<l CS

QQQQQ QQQQQ QQQQQ QQQOQ QQQQQ QQ3O.-J QOQQ



1
?

c 

i
G
0

G

a
4-1
CO
CO
CU

§
m

CO
0

*c
E
u 

a
0
o

,3.
m
U-l
o

CO
cd

o
4J
CO

o
.a
rH

d) 
.C
4-1

!. .

O

c
0

 H
u
 H 

CO
O
a
e
0
U

u
c
6 tt
<U
t  1

CU
1o>
y
M 
4-1

T>
C

o>
13
 H

O
.

0
c H
8

T3
C
m
i_,
0

rt
22

1
1

O

o>
XI
rrl

C/J1
04

CU

PQ

w

CU
Cu

O

CO
1

Pui
PL.

<

CO

JC

Pui

w
o

1
CU

<J
o

-0 co
2 i
13 ^*
B P*
 3 ou
c oJ
0 "

CO
1

Put

CU

o
CJ

CO
1

 S

PL,

M
CJ

CO

X

cu
(x)
PQ

co
1

£u
cu

PQ

Cd

CL,

CO

ooooo 
men en en en

r  »mCM»  »i  »

>J  -!

ooooo 
omooo

OOOOO
in incnenr**
   i »-»

ooooo
o Of^^r^r*-
  »»-»

ooooo
inmmmm

ooooo
in op^cno
   icn »-»

i-J i-3 (-3

OOOOO 
OOOOO
en cnmmm

OOOOO
o oilmen
CM^<

ooooo 
ooooo
inmcMcMen

ct> o»  tcMen
r^aoaoaoao

r-i-r^i*.

ooooo

z

r>.mr>.o

 "" *~*

ooooo

z zz

oo
r*»O

r  t

OOOOO
momenen»  i

ooooo
Of^.or>-r»

^

ooomo
mf^cM i  <<-H

hJ I-J

OOOOO
ooooo
enmenmcn

ooor-.o
enocM i^«

* «

ooooo 
oooom
cnenm en»  »

CO OOOO CO OO

^^^

JcJ

OOOOO

55

mmm o

Z»J

ooo o 
ooo o

z zzz z

ooooo
mmcnmcn

ooomo
»  »!  ( »   t

OOOu^O
mmen>  ICM

hJ |J Z |J

ooo o 
ooo o
CMmm m

oooor«.
en en en en

ooooo 
ooooo
CM mcn«  <en

o^ o r-HcMen

mmmmm

^^^

^^

ooooo
CM CM CM CM CM

moor^r-

ljl~3>jljh4

ooooo 
ooooo

zzzz

0
m

ooooo
enencMenm

ooooo
r»-r.f^.r-»in

omooo
cMi-tcMenen

i-J i-J i-J i-3 Z

OOOO
oooo
mmmm

i^^r-oo
enr^.

ooooo 
ooooo
en in en en en

oNcjscy\ cyso**

^^^^^

^

ooooo
CMCMCMinCM

mr^-ooo
"~* """^rH

>Ji-3 ^J

ooooo 
oommo

ZZ

o oo
in r**o

01

PQ

O OOO
m en^m

ooooo
f^r^-omm

ooooo
encMOeno

 -*    «

Z Z »-3 i-J Z

oo
00
mm

omomo
en»  tcM-nen

OOOOO
in o ooo
*-H CM in in o

m

"^^^

ooooo

ooooo
CMm^-CMen

1-3

OOOOO 
^D i^ i^"\ iOi^"\

z

oooo
oomen
mcMr-i

ooooo
OOOt^-m
CM    »   «

OOOOO
mmmmr.

ooooo
mo^imo
i      4^-4 »-»

>J t-3 1-3

OOOOO
ooooo
mf^-mmm

oooom
menoen"  t
<~* CM

ooooo 
ooooo
r**>mr*» CM CM

<*<j-<*<r<r

 J

oooo 
CM en en en

Z

oo o
om m
CM

oooo 
ooom

55

00 O
r*» r*» en

oooo
cnr-eno

""*

 

oooo
omom

OOOO
inm^-4O

>->

i-3 35

OO O 
OO O
r*»m m

oor«.o
CMO CM

<-*

oooo 
oooo
en en r*« en

CM CM CM CM

SSS5

196

QQOOQ QQOOQ QOOOQ CJQQQa QQOOQ QOQOQ OQOO



L6I

OOOO

«^I-J^J«^I
ssss
Klp-eoto

to i  co 
o eno 
o oo

z

t~> t 

oooo

en co «-j co 
OOOO

to
en H- coo 
oenoo
OOOO

oenoo
OOOO

 

i  eoro 
en«-joo
OOOO

en en en en

to co to i 
oooo
OOOO

ooooo

.p-.p-.p-.p-.p-

H-OvCOOC7v

enenenOen 
ooooo

H-H-toeoCO
enOOOO
ooooo

t 

ooooo

I   

OenOOO
OOOOO

.^

enOOOO
ooooo

H->  i CO to en
oenooo
C OOOO

i-«toH-eo 
enoeno

bd

t  CO to H- to
OOoeno 
ooooo

OOOOO

 P-eotoOvo

>  >   t   
en en en 
00 0

Z Zf

CO >   

ooooo

oooenen

ooooo
ooooo

OOenenQ 
OOOOO

*  ( >   »  >

OOOOO

«^I-J

dd dddd

H-COH-H-

ooooo

ooooo
-J«^I-J-J-J

\0vDvOvO vO

en en en 
ooo

zzt-rr

-~J -Jen en en
ooooo

enenenoo

ooooen
ooooo

ooooo

I   

ooooo

co en

dddd dd

I   !   ( >  

«-JOOOen
ooooo

ooooo
«^l-J«sJ-J-J

en en en en en
\O vO vOvO 00
CO NJ t"* O ̂D

en enenen
o ooo

ftdt-«

>  H-

en co en en -J
ooooo

toi   »  >coco 
ooenoo

en en o en en
ooooo

.

enn-ooo 
oenooo

I   !   !   

enenooo
ooooo

-JO

c£ dd dd

i  i  >coco
entoooo
ooooo

ooooo
^J-J-J-J-J
en en en en en

00-JO>en^-

en eneno 
o ooo

z

   "I  '
co en co en en 
ooooo

to H- co en co 
OenOOO

oenooo
ooooo

OenenenO
ooooo

-jcooeno
ooooo

-jcooeno

^JH- co to en
ooooo 
ooooo

ooooo
-J-^I-J-J-J
en en en en en
00 00 00 00 -J
eoroH-ovo

en en en eno
ooooo

t     -enco
en-^ienOO
ooooo

ooooo

t  * co co en ̂j 
enOOOO
ooooo

co co to ro to 
ooooo 
ooooo

oenooo
ooooo

enenooo

tocoH~coro
ooenoo 
ooooo

en

5: tl
w

o

3
en

z
M

s1 
en

en
0

id
3;
en

en

na
*^

en

.l

*a
A

en

><

»s3:
en

03

>d
sc
en

ts>

?en

0
0
3 
rr 
H-
3
C
(D
o.

H
t)
cr 
M
ft
C*
*l

1
3;

o

to

Pu

93*

0
H 

0

H-
ex
rc
ft)
3
o.
Pt
H
ft)
o 
n> 
i

fD

fD
3
fD 
3
rf

o
o
o
o 
wH-
ft
H-
o
3 

C

rr

ro

6J
cr
o
ft)
rt
0l-(

CO
y
or-n

CO
*"

o 
o
to

w
1)
3
D
w
rtt

D
9
ob
w
rt
D

i

3 
1

C

1
1



OOOO OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO

fONJNJNi isjrot  '(  'I    t   >     VO VOVOVOVOVO VOVOVOVOOO OOOOOOOOOO OOOOOOOO-J fi * < H
UJNJt O^O OO-»JONLnJ> UlhOK-OvO W 00 J»

n> cr 
» H1

n> 
o _
P u

t  'U>»  ' t  « t3
OOUJ O H-i    P»  

oiu>oioiS3 ocnooo v^oo^no oooooui OJOOJNSM

o
H P 

rt

P 
it

to o
E i.D**o\ f^ui V^1LOONUJ*|*J ^^^*V^l-^"|O 

OOOOO OOOOO l~n V»n o V/H»n OO^-nOJ^"~ CD

fl>

0 O 
(0 O
p p p I-1
CO  

h
(I) > fD
CO M
CO M fl>

P g

P C 
(D 

rt CO
sr
(D P

< 3 aCo

C P
O
o CO P

p- hi
Q rt

CO CO
p i__i >d S

(D d
n

VO OO vO H-Ui VO Ui v/i 4> Ui|O OOONUi U>LO( 'UiLO (D

Ur»J.p-OO OIOOOO OOM»  'O

O
P

CO 
rt 

OOJOO CO^^OOO OvO^LO^^fi OON3OvON3 "vJOOhOCO OOONO^OOV-n CnvOvOvOO
t^t^ r1 *xJ Phh 

rt
(t»

P rt

86T



OOOO OOOOO OOOOO OOOOO OOOOO OOOOO OOLT'.JC'     H

  o co H o c ovo VOVONONOVO vovovovooo ocoooooooo ooooooco-~j [-  p* p^ cu ro
> ovo m o n> H* to

B cu ni i 
to ;;

Co
3

o
a w 3 oo . 

w . M co O rt

0 &B sr s o c> cu H
rt M 0 b

yj p> «d
, co M rt

n> vj n
co (o o cu

.... ..... ..... ..... ..... ..... ..... o C co p

so «vicn S/IOH- vo vo vO t"1 <B r^ O
CL rt »-h O

Cu
O to O 

CU {U CO T3 
0 M P* P
pu o   n

rt

0 ~~ cu J> 3 
opo>  ooosso oooro^  > > > > >  > owioo > H-OOO ooooo o ID rt    n> 0

co HI   s o 
 -< H- o

0 O IS M 3 
O 3 00 M O 

O 
CO O

_ - - -. 0 >J IB (D C7^  

propo pppop pppn-o op>->-ro >-o>  op » N>OOO ppppo 3; {? rt b ~~ ----- ._....._.. .. ....^ ...... _ r< i-J CO CO 0

3 O (P H 
g-W. .

(0 to H >

Cu O o
' Co O

pppp poppp opppp ppppp ppppp oppoo ooooo 2: ro
coto 

. cu 3
H- H Z O 
0 C Co
cu re - n> 

co co pH

O b 0> » HI
0   < 1^

Otopp OOOOO > O> Cnro >  OJ-^ivDO -*JO4>s*J>  *»sO> OfO WOOOO CO rt ^ o

IH- CO C/l O> ts>X>OOOO O

CO
(o "~   rt 

Cu n>
h< H*

f O *
rt *d 

p>
H) CU
rt rt O C 
n rt M O

*~* SB 0 C 
Cov/i to O H- Oi

_ "* " ha OOO O ^J so Ovo C H- C O

r't-t-'t-' t-r* r< r* f t- t-t-1 S 0 § r1
ro H- cu o «
00 o
CO T3 3

H* H*   ^ 
O fD fl 5-

co i cu o OCOOO O> OOO OH-O^O OO >  >-" NS U> O I '    --  f»-~1NJOl*J >  O>  OO H CO (X P

p* ro N o
Cu P O

9 ^N< *'

rt co Cu
0- ro M
ro o c ^ O>OOOO OOOO*<sl OOvOfOO -^JOOv£>-f>O^ (^i re D

._. ^ tri   

(D 0
TJ MO*:

l"1^ t^t^ IT* t  Q£ (D (b M

66T



OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO

oooo ooooo ooooo ooooo ooooo ooooo ooooo

002



201

Pi 
PH

fiOOOO irvirvirvoo u"»u~»ir»oio
i  <  «   ics    «    i oiro I-HI  4.  i co CNOIOI«  «    < eNoii  <oi t-» oil   

 o
(1> u
Vi
o
a
(U 
Vi

i

r^mooo ooooo ooo o oooo oo irvoooo oo o
" "~"~ " " o irvinirvo Or~^ ^-<u-»csr^r^ ones cs

i I Ol r t i (  I   I i I

Pu
PLI

W 
P3

irvo"~»ino ooooo ooomo ooooo ooooo ooooo mmoo

I

ooooo ooooo ooooo ooooo ooooo ooooo oooo

tn 
o 
a
s o

2;
oooirvcs<t VOOMTVCMCN co    unco

  > esol .-^

O  li-«.-«CS ^H CSCSOO^H^t  tfCOCS.-«CS

PH t-3

33 
H

tTkOOvOvOOO COOIOOf^ CSO^OCNOO ir>CO<t<T»O OOO  «CO OOCOO

QQQQQ QQQQQ QQQQQ QQQQQ QQQQQ QQQQQ QQQO



OOOO OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO H
*- ->-*- ,-,->->- _ »-*-,- >-,- _. _- ,->->- _. _ > cr

ocooooocco oooooooo^j f1
U>tO*-OV£> PI

^
p 5T

O 

5H- 

O

O
(U 

ONJKJOLO
a

ZZ ZZZZ ZZZZZ ZZZ I
CO

O 
<T>

t-    * *-^  ^LOLO* * I  t 'LOLOLO CO fO*~* I   ^JLOK) fO *-^ ^^ ^
OCnOOO O OUiO OOO-*IO

r-rt-r1 t-<t-<

r1 f t-1 r1 i
O 
D

3
O

O 

CO

>>_ i_.»_>k^i_i fo LOtO i  >-' <--|

CO

CO 
O

3

10
O OOO O OOin O OOO

a o
zr1 zztr'tr'tr' fwr1 z T

CO

CO
_ _ _ ___ _ _ _ __>t   pd

OOUiO OOOOO OOOOO OOOOO OOOOv^i OOOV^O OOOOUi  o

?CO

OOOOui <»JLnOOO ONJOOO OOOOO OOUiOW

303



I 
I

*f) n 
TJ

3 
O
n

(a K> K> v  >  i  »  >--  ' io*~»->»~»-» N>»-> »->O "~ 5

vjvj»»J ^J^WvjOi V/i v/» InWi vj

03 03 WW Odtd Cd W W Dd I M
2o
(D

OOOUiUi ' a ^ S
3

O 
O 
CO
H.
rt 
H- 
D

3

O
?r

D 
O 
O
n

a" 
u 

wj. 
>

I



Ta
bl
e 
M
.
 
S
a
m
p
l
e
 
de

sc
ri

pt
io

ns
 
fo

r 
18

 
Pe

nn
sy

lv
an

ia
n 

bi
tu
mi
no
us
 c
oa

l 
sa
mp
le
s 

fr
om

 T
en
ne
ss
ee
.

De
sc
ri
pt
io
n

Sa
mp

le
 N

o.
W1

88
90

0
W1
88
90
1

W1
88

90
2

W1
88

90
3

W1
88
90
4

W1
88
90

5
W1
88
90
6

W1
88
90

7
W1

88
90

8
W1

88
90

9
W1

88
91

0
W1

88
91

1
W1
88
91
2

W1
88
91
3

W1
88
91
4

W1
88
91
5

W1
88

91
6

W1
88
91
7

W1
88

91
8

Co
un

ty

Cl
ai
rb
or
ne

 
 d
o
 

Ca
mp

be
ll

 
d
o
-

Sc
ot
t
 
 d
o
 

Gr
un

dy
Sc
ot
t

 
d
o
-

Mo
rg

an
Sc

ot
t
 
 d
o
 

Bl
ed

so
e

 
 d
o
 

Fe
nt
re
ss

Sc
ot
t

Mo
rg

an
An
de
rs
on

Cl
ai

tf
bo

rn
e

Co
al

 
be
d 

(B
) 

or
 
fo
rm
at
io
n 

(F
)

(B
) 
Re

x
(B

) 
Co
al
 
Cr

ee
k

(B
) 
Jo

rd
on

(B
) 
Bl
ue
 
Ge
m

(B
) 
Bi
g 
Ma
ry

(B
) 
Wi
nd
ro
ck

(B
) 
Se

wa
ne

e
(B
) 
Gl
en
 M
ar

y
 
 d
o
 

 
 d
o
 

(B
) 
Bi
g 
Ma

ry
(B

) 
Wi
nd
ro
ck

(B
) 
Ri
ch
la
nd

(B
) 
Se
wa

ne
e

(B
) 
Ne

mo
(B

) 
Re
x

(B
) 
Pe
we

e
(B

) 
Bi

g 
Ma
ry

(B
) 
Ma

so
n

Ra
nk

Bi
tu
mi
no
us

 
 d
o
 

 
 d
o
 

 
d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

. 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
d
o
-

Sa
mp

le
t
y
p
e

Ch
an
ne
l

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o 
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
d
o
-

Th
ic
kn
es
s 

(m
et
re
s)

0.
81 .8
9

.8
4

.8
9

.5
3

.7
1

.7
6

AR
. 
H
O

.8
4

.6
9

.8
4

1.
20 .6
6

.4
8

 
 d
o
 

.3
6

.9
8

1.
17 .5
6

ro
 

o



205

»-<en o en in ON o
o 

»»-i m NO CM
0 
01 
a 
a 
01
g 01
H

0 
O

m 
co
>i 
u 
o JJ
CO 
U
o

JO
CO

01 
O

& 
O
o

"S
CO

*
CO

SI

3 TJ 0) 
fH 0) *

X ai a * 
jj jj jj 0) cO

o) 01 a
C TJ ^ O *J 
cd ox«
j- Q> CO 4J .*
4J W M O

01 JO «W CO
OB > O M
CO CJ .O
0) TJ -H CB
r-l 01 H 4J 01

4J JJ d C
CO CO O> <H O
C -H 8 O
CO rH O 0. tK

S OI I rH
0) 60 TJ 0>
01 "H JJ

0) 3 J= 0 Cd
3 rH 4J @

rH CO -H «0 -H
CO » CO M

Ot TJ IS M
CO J3 01 rH (X

JJ -H -H O,
M IM M CO
0) JJ -H CO
JJ CO 4J M CB
«« J2 0 4J «rl

CO 4J 01 «H
 O JO CO

  OJ .0 TJ
U 8 01 O
e O 4J i-l
in 0) 4J h j=
CM rH O O.
m jj oi a. (0

 H *4 01 M
JJ JJ CO I-l 60
CO O

JJ CO 0) MTJ a *j u *j
01 CU rH CO U 
X 0 3 O)co ai w *j o.

CO rH 01 3 0)
0» H JO

01 Ot
14 01 U   J3
01 X -H   *J
> 4J Jfl O

O. 4J «H 
Q Vi CO Ot O 

rH 01 H
CO 4J 60   d 
O «W O CM O 
O CO M rH -H 

	4J   CD 
01 CO O O -H 
j- 01 CJ r-i 
H O. * 01 01 

  CO CO h O

§ rH a d
01   Ot

J3 O 01 TJ
O JC H J3 -H
 H 09   H «W
rH NO d
rH Ot   CM O
 H 3 09     O
0 rH -H O CJ

CO CO *J *J  >,   a) c  - at 

U
JC /

CO 4J CO O   CD
jj O O.
M C O  
cd cd -H NO «m
o. us x m «n o\

jj a « iH
u co o   w
O M U O (0 

01 60  jj jj o en * a
C CO U 00 CM JJat oi jj     oi 
u n a o o ^
M 60 01 Uai a.   « <o
cu co co CM en M

a     ja
H CO 01 rH O 
CU Ot > O
jc 0 ft oi   5
jj jj p tn £j
 H O CO CO  
Ot *J O rH

 O -H 0) O
c e *j oi  
 H CO C i-l fs. « 

CO H   4J
01 « 3 cd O dP a tr-a ai
CO 5 -H CJ * O

O 0 3 O H
Ot JC 0» O   01
3 10 (0 03 iH O.

CM
0

OOO O OOOOO OOOOO
O »n«n»nen«n »nir>«n»n«n m»n«n«nin »nvo»n
g OOO «O OOOOO OOOOO OOO

en
o
CM    
H vO-4e
fe CM <f CM CM ^4 i/>»-«i-t en CM

CM moooor^m
*A ..... .....

CM CMCM CMCM CMCn -4

OvOON
tr\ en

OO

OOOOO OOOOO OOOOO OOO
OOOOO OOOOO OOOOO OOOpa »nm«n»n»n cncnu-nnen enmcMCMcM eninm

Icu
CM

PU

SB

2
cu

0
CM

ooincnencM cMo\ONenvo
CM CM CM en en

OOOOO vOOOOO OCM<fOO
m-Henr>-.H vo**-Hfnu"» oi<<f r*>tnvo
   li-4i  «enCM    ICMCMCM    I    I«-H    I>-H

OCMOOO ONOOOO O<TOONO ooo
fnvoOON-* eMON-tfen-H vor»-enooN r-«.eM.<f
en CM.H'H  4 CM 4~H -H  I  4 CM  4i-l

.OOCMOO o-d-ooo

envotrtvo  4 £
PU

U OvOOOO O«*OOO OOOOO OOOcoen-*ooo OONNOONO
^ ^VOCM CM CMCMcn

J

o

-4 CM CM -4 CM

vOCOvOOOO

H > >. 
01 rH
O. Ot cd en

en 
O
CM

CM 
O

ooooo ooooo ooooo ooo
CMCMCMCMCM CMCMCMCMCM CMCMCMCMCM

CM ON ao moo
CM^HCMCMCM CMCM-4CMCM CM-H-41

en CM en m en
.Hcnr«»oocM 1-4

O o\cor«»eM.H
CO .....

oo 
CMr>-OOr>. oo

w
00*4-0

enencMcnNO oooor»--*ON r*r«»o^HCM

cO

OOOOO
ON ON ON ON ON 

OO 00 00 OO 00

ooooo
ON ON ON ON ON 
OO OOOO OO OO 
OOOOOO 00 OO

ONONONONON ON ON ON
OOOO OOOOOO OOOOOO
oooooooooo oooooo

o ooooo oooooo ooo<ro or>-o

OOOOO OOOOO

OOOO OOOOOO OOQO OOOOOO OOOO OOOOOO OOOOOO
00 OO OOOOOO OOOO OOOOOO OOOO OOOOOO OOOOOO

55555 55555 555



206

 0
01
3

gO

T
01

08 
OB

iGat

S

OB
at
r-l

&

§
09

r-l

g
CJ

CO
"

*W
0
ff

OB<d

&
o
4J
cd

o
"§

a>
J3
4J

O

c
o H
4J 
 H
03
O

io
o
4J
a<y
3
01 
r-l
at

1
at 
o
cd
>.
4J

 O

Ccd
a»
tJ
TH

X
O

£
c"i
 c

a
M
 n

S

?

rH 8
H

CO

£
04

pa
as

CO

£
04

O

CO

2j
04

04

I-J

CO

£04

04

w
o

COi
04

o

CO

04

04

at
U

CO

^P
04

O
u

i
04
04

W
O

CO

£
04

U3
«

CO

Jg

04

bl

CO

J JJ
^j~j5*V'^

oomoo
^CM^COCO

ooooo^iQ.-, 1^ 1^

Or-OOO
r  C5^*co

  1

ooooo
- 

ooooo
r  o I/MOIO

-^p-d it  i

ooooo
P*» O U^OfO

^-l^-l-^

OOOOO 
OOOOU">
cMmcocM»-4

ooooo
lT>CMir»CMCM

,

OOOOO
ooooo^^^^2

O »-4CMCO»^
ooooo
aoaoaoaoao 
aoaoaoaoao
r» r»!»r»a«

JJJ

J

OCMOOO
CM 1/>COCO

OOOOO

i/^OOO"^
»-4 ^^ l/> l/%^^

OOOOO

^4 ^-^^

ooooo
CD ^^ i<^ (^ C3
f»^ fw^^^ fSj fSj

ooooo
co c^ic^i r^-co

J

ooooo
 -4 4 »-4^-l

Oir»ooo
CM »-4 CO CM r-l

OOOOO 
OOOOO
^ocn^j/j

ooooo
ao oo ao aoao

!» » » »?»

J JJ>J
tQOtrMOlrt

OiAO">O
r-r-ICO^-H

ooooo
CM -4

 J I-J

coi/>cor  u">
r^

ooooo

ooooo
mtnmoo
«-» -» 1-4 CM CM

ooooo
CSCSCMCOCO

J

- ooooo
CMCO   I-H

r~Or OO
CO -HCM

ooooo 
ooooo

CM

0-CMCO^f

aoaoaoaoao 
aoaoaoaoao

 *  *!» r»r»

OOO
r-cMco

OOO
r-iQr-

OOm
OCM  4
CM

OOO

 4

OOO
r  o o

I ll 1

OOO

 -4

J J

OOO

CM

OOO
 OCM*-l

OOO 
OOO^22

^vOr-

aoaoao 
aoaoao
 « » «

B
04

I
04

OOOOO OOOOO OOOOO OOO
oooom omOino OOOOO r*oo

^^-I CM-4  <  t^ CMinCMCM-H

04
04

OOOOO OOOOO OOOOO OOO

ooooo ooooo ooooo ooo
ommoo om«ooo i/Mnmmo OO«A
CM«-4«-4COCM CMt it ICMCM ^4-^1 ip-ICO   I' l*-4

OOOOO OOOOO OOOOO OOO
OOOOO OOOOO OOOOiT* OOO
i/"»Ocncsir> OOcoom cor OO-* OO«A

^^ ~4  ievi .-4 -HCO COCM

COi
04

04

CO

X

04

to

CO

moooo ooooo ooirtmo omo
CJ -^CMCOCMCM COCMCMCMCM 
CO

04
04

ooooo ooooo ooooo ooo 
M inOooo iAi/"»OOir» r t>.r r-»m ir»or>.
Z »-4CMCOCM»-4  4 CMCM>-4  4 t-iCM

CO
I

JE
04

04

OOO

ti3 0-. 
J OO

lAvOf- OOCT* 
OOOOO OOOOO

33333 33333 33333 333



ccsrcc
QDOOOO OOOOOOOOOO OOOOOOOOOO OOOOOOOOOO 
OOOOOO OOOOOOOOOO OOOOOOOOOO OOOOOOOOOO

OOOOO OOOOO

O* *»*-<vj > 

S
t)

OOKJ OOOOt-0 ^-0000

ODJS-CJ

o a 
a
 X)

CO
w

OOO VSiO*»J<f»O OOOO*" OOOOvo
r1 e-1 t-'tr'p* r'e-'t-'tr'

»  »  u>    o

H
a

c

i

LOZ



208

CO
 H 
01

.0

(U 
4J 
M 
O
a at
M

0) H
w « at
at o 3fr o «H
CO x-\ >
« u 3« at 
.H CM .c 
to en *j>S"' d

N 0) JS 
 rl 4J

TJ U 
(J «rj CO 
CO I COM at

d d  o «
So,!!
  o at

3 -rl 3 
O 4J fH

OOOOO OOOOO OOOOO OOO

OrOOOOO
. CMf^CMCMiO <}  l/"l \O OO ~H  «< 

H OOOOO CMOOOO -HOOOCM OOO

co
cu  i

(U 
01 
CO 
(UI
H

8 
o
M

O 0) 4J

fe tJ^
  at

 rl M 
H -rl   

 O JZ
  CO

8 d
  «W O 

0)
PM 4) (0 

M £4
  CO O

&* *rl 
CO 4J

» at «

CM -<t CM -^ CM CM

cMoomoo oommoom tn-^oo 
CMOO ooo

 i oo<s  i

v£)OOO 

T>ICMOO

(0 B
« > C

00 0)

  O 13
co d
O Ct) O

<j o^^ « i-^ -*   i CM -H p>j tn--«
2 OOOOO OOOOO OOOOO OOO

oooo-^ o-^oooo 
motncooo -^-

CO
o
0

c
u

 c 

a

,0

H

    bo
 rl (U O
(A (A U

WO.? 
Q O

60 0 CO
K O

 > «M 3

0)   0) > 
Ou CO 4J

iH A 
3 4J

  O
.C iH d
co co <d
cfl 0 J3

o «M at
o u w

4J fll (U
d co 3 4J
0) *rl CO
cj co co at
M >% <u u
0) rH O 00a to x

d r-( CO

S * 3 §j= a « i
iJ 2 M
<u «M d o	 H
d TJ d TJ
 rl 0) -rl d

4J rt cO
01 CO 0
U rH OJ  
cO 3 h d

u 5
CO iH 0) O
CD CO .fl .C
3 O H to 

iH 
(0

M

^

M

M 
CO

OOOOO 

O

OOCMO-* 

OOOO-H

o

 ^oooo OOOO<M ooo

mvom o tn
 (vooococN CVIVO-HCOCN
-H^HOOO -HO-H-HO »HfO»H

Q .
o o

CM H »H CM t 1-^-

.J.J.J.J.J JJJJJ

OOOO-^ cO'H'H-H  i fO
OOOOO OOOOO OOOOO OOO

CM (MCMCMCMOO

vr\«x»r-»cDO\ O-HC
OOOOO OOOOO _*-H-H^^
ONONC^C^O^ C^C^^ONC^ o^O^Cy^O^cy^
OOOOOOOOOO OOOOOOOOOO OO OO QO OO OO OOOOOO
oooooooooo oo CD oooo TO aocoaoooao oooooo

33333,33333 333

OOOOO OOOOO

aoaoaoaoao ooaoaoaoao ooooUuCao oooooo
oooooo coco aoaoaoaoao oo coco coco oooooo

33333 33»33 33333 333



209

1
£
4J

§

Yi
if.0
t̂
O
O
1<

1
*
g
 o
0) 
AJ
»4
O
O
0)
m
a
0)
to
CO
a
at<u
H

i
V

«M

0
a

1
a
(0

tH
a
o
o

CO
tH

«H 
O

go
 H
«J 
 H
CO

CJ

4J

rH 
<tf
i
0
o
td
>4
4J

 o
s
J
gc g
^

Mo"3
2

*
 >.
V

 H s
H

CO

£Pu

0

CO1
£
PU

0
0

CO

p-

0

CO

£
'

H
SQ

CO

X
£
Pu

S»

CO
jj.
Pu
flu
«

CO
1

flu

52

£

N

 

£
flu
=3

X
Pw

»
H

W 
J

i

ro<*>iftt*«r^ OOOOO

 ft ift
   

co«**ftco-< in es^ roes

»J

Omr»r*o oOfor^m

r^ ir» ir>
<S r-t   !*-* \f\> tC*t' ll 1

UtOOOO OOOOO
 ^mcscsr^ mr^cscsiA

""* "^

OOOOO OO

mminmo ooooo 
^i^^^-i^^cn r* cs PO CN PO

iJ)
OOOOO -HOOOO

o

^^sor-oo -corN.oo

^ mcOPOCM CN«Mst-<<f
N

Jr*ir»c«iooo ^r-^-iso^

O _ co ~t ~t

'

jj^j^jj jJiJ
o\oooo   toooo
lAPOPOPOPO OPOPOPOOO

   

o i  ics PO -^ m vo f» ao ON
OOOOO OOOOO

oooooooooo oooooooooo 
oooooooooo oooooooooo
 »"»"» * * "» * *"» »

OOtftOO
ro-^«sr-

ift

 H

J

OOmOO

irt r-»m
«-4CS « 4r>»

OOOOO
Or^iAOift
*"* es-^

O

OOOOO 
r»pocNcnr*

i_)

^OOOes

<r^ao<rr-

C*^ ^^l^

r^o\\ooo^^

^ ^

t-3 tJ
Ostr*ou-»
ror^vOPO^-

  t

0-CMCOst

aoooaooooo

 »"» *>» »

iftiftr«>

r-escs

J J

for»«ift

r^

CN    I

OOO
IACOO

*"*

OO

81Q0,

OOO

0-.VO

r^iftr*

O»*vO

"* ~

JJJ
000

rococo

^^r^

oooooo
00 0000

 * » »

£
PU

at
CO

flu

SB to

CO

£
Pu 
o
CO

CO

o%

OOOr-O OOOOO OOOOO OOOOr-O 
 < O

iftift

 ^ es   ( -< -<   i

mr«.r^r*o 
  t cs

PL,

1
flu

CO

£

CO

flu 
flu

w o~. 
>J ooOOOOO OOOOO

O>ONONONON ONONONONON
0000000000 oooooooooo oooooooooo oooooo
OOOOOOOOOO OOOOOOOOOO OOOOOOOOOO 000000



210

c

a 
o
c 
o

ooooo

r-.f^fi * -  u"» * -  u"» r»-f}u"» 
CM _»  » ,-»<n

 a
g r^oc">ir»m

O
C  H
B

r»iTMTvOO OiOOiOO OOtAOO »/>»/>i/>
^  I I !/>  I«-H« ICS CS«-I.

 8
H

OOOOO OOOOO

oooooooooo oooooooooo oooooooooo oooooo 
oooooooooo oooooooooo ooooooaoao oooooo



Ta
bl
e 

IS
A 
.
 
S
a
m
p
l
e
 
de
sc
ri
pt
io
ns
 
fo
r 
10

 
Pe
nn
sy
lv
an
ia
n 

bi
tu
mi
no
us
 
co
al
 
sa

mp
le

s 
fr

om
 A
la
ba
ma
.

De
sc
ri
pt
io
n

Sa
mp
le

 N
o.

W1
88
91
9

W1
88
92

0
W1

88
92

1
W1

88
92

2
W1
88
92
3

W1
88

92
4

W1
88
92
5

W1
88

92
6

W1
88

92
7

W1
88
92
8

Co
un

ty

Wa
lk
er

 
 do
  

 
 do

  
 
 do

  
 
 d
o
 

 
 d
o
 

 
 do

  
~
 d
o
 

 
 d
o
 

 
 d
o
 

(B
)

(B
)

(B
)

(B
)

(B
)

Co
al

 
be

d 
(B

) 
or
 
fo
rm
at
io
n 

(F
)

Je
ff
er
so
n

Ma
ry
 L

ee
 
 do

  
 
d
o
-

Je
ff

er
so

n
Bl
ac

k 
Cr

ee
k

 
d
o
-

Je
ff

er
so

n
 
d
o
 

 
d
o
-

Ra
nk

Bi
tu
mi
no
us

 
 d
o
 

 
 do

  
 
 do

  
 
 do

  
 
 do

  
 
 do

  
 
 do

  
 
 do

  
 
 do

  

Sa
mp
le
 

ty
pe

Ch
an

ne
l

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 d
o
 

 
 do

  
 
 d
o
 

 
 d
o
 

 
d
o
-

Th
ic

kn
es

s 
(m

et
re

s)

0.
61

(?
) .5
6

.7
4

.5
1

 
 d
o
 

 
 d
o
 

 
 do

  
 
 do

  
.3
8



212

00 «  CM
O

O -H

 s

ej 
M 
O
 §

 o 
a
ej

o» o
"* 

o
M
O

i

3 at 0 
Js atH "9

CM

 H O O

at u

iH OO
09 m 
go

c 
at 
o

_ M 
o   at H «o « a 
x ift ift
O.   »-l ift
(d ^5 * ^^
M O 
00 " *J
o en   «d
(4 OO CM
4J     00
O O O 4J
at a)
(*  * *"M 
a CM en o

0) r4 O M

1-1 at  
M Ift O

<d <d   5
 J O C
 H 00
 j at   M 
fl sH r». o
§ M   

at o *
O"O 4J
 H a   0 S s o a»
4) O   O
go ja H tw 

a)
>> a) « a 

Jo oo oo
O U 00 s-g &*

G O *J
 H 09 (d a)
B 4J n
W (U jlQ AJ
a»^2 at
4J O 0) Jt{
a) at to o
 o M o «o

* J3 M
at u .o 
M o
4) -H <W «
> M O O

*J O
 o flj go 

a ai «H ai
 H 00 O 4Jf-i a cd 

x i i
go u -o -H
01 -H H K
3 > S O
f-l M
(d *O go o. 
> 01 td o*

ooooo ooooo
inininm»n mmminm
ooooo ooooo

in 
I.

ooooo ooooo
ooooo ooooo

pq mmminin cncMCMrnin

CO

SB 
04 
04

£

encncncnoo oooovOinm
O
CM
w 
f*

O
CM

M

CM -^ CM CM CM CM CM^HCM-^-^

N OOO^OO OOOOO
Or^oOvOCM mv£>-^O<t
CM CM .Hi-*C

£

04 OOOOO OOOOO

 J OOOOO OOOOO

S enOvOC 
<f^H^H,

O-Hi ti t OCMONOO OOOOO

£
04

tH 0) «W 5S

tnminoift mmmiftiftmmmiftift 4
,^,^^4*4*4

in
Xj

1PM

oenenmo ooooo 
O f^ ift o.ftin'^o
JJJ ^H ^I^H CM

CO

OOOOO OOOOO

8 2 CM in en

£
04

to

ooooo ooooo

OOOOO OOOOO
oomoo moooo

£
04

OOOOO OOOOO

a M
AJ dt td flj
<d tj tw u

JC -H W Cfl

01 ^3
00 ,Q H O
a cd -H
cd o x
01 w -a a.
S o» cd

o» u M
O Iw M 60

 H (d O O
4J p, F-i
 H CO 0) 4J
*J U M O

 H 01
4J a oi a.
a go M 09
01 o) td
0 M 01
0) *J J3
f-l O 3 W
0) -H 43

o» a. « o
X <d  
*J H O (3

60 U O
U O 0) -H
01 M 00
4J 4J *>T4

H-e O CM O
fl 01 iH 01

O.   h
W 0) O D.

CO
O

OOOOO OOOOO 
CMCMCMCMCM CM CM CM CM CM

 -ICMCMCM.-* CM»HCM.CM

CM 
O

CO f>.r«.OCMCM
O

en cr\ r>. oo oo ~*~* CM

co \or>.rocovO irvir»irv< too 
*t ..... ....

OCOtTiCMOO

i-4CMCMCv;CM
f>. 00 

CMCMCMCMCM

OOOOOOOOOO OOOOOOOOOO
oooooooooo oooooooooo

M .JJ.J.J.J

in
o ooooo oooooCM ..... .....

S
a.

PM 

U

PL,
04

OOOOO OOOOO
 < ooooo ooooo 
et, u"^r».r««i Mn

ooooo ooooooof>>oo oinoirim
cneM cMcn CM CM-^

oooom

CMCMCMCMCM --HCMCMCMCM CMCMCMCMCM

oooooooooo ooaooooooo 
oooooooooo ooaooooooo

oooooooooo
oooooooooo oooooooooo



ccccc ccccc

Oooooooooo oooooooooo
tf

H-; t~>

OOOOO OOOOO

?CO

OOOOO OOOOO

o. n

OOOOO

g.
rt 
 t
(D 
O 
O

CO
asort

O 
O

I 
O
03

»  en
-   - S3 

OOOOO OOOOO

ll N> 
V/lOOUtO
ooooo ooooo

I  <s- o

OOOOO OOOOOro

I
I  Uil  U>

OOOOO OOOOO



Ta
bl
e

Co
nt

en
t 

of
 
se

ve
n 

tr
ac

e 
el
em
en
ts
 
in

 
10

 
co

al
 
sa

mp
le

s 
fr

om
 A
la

ba
ma

[A
na

ly
se

s 
on

 a
ir

-d
ri

ed
 
(3

2°
C)

 
co
al
. 

Al
l 

va
lu

es
 
ar

e 
in
 
pa

rt
s 

pe
r 

mi
ll

io
n.

 
L 

af
te
r 

a 
va

lu
e

me
an

s 
le
ss
 
th

an
 
th

e 
va

lu
e 

sh
ow
n]

SA
MP
LE

W1
88

91
9 

W1
88

92
0 

W1
88
92
1 

W1
88

92
2 

W1
88

92
3

W1
88

92
4 

W1
88

92
5 

W1
88
92
6 

W1
88
92
7 

W1
88
92
8

AS
 
PP
M

F 
PP

M

32
8. 3. 4. 3.

13
4. 48
.

35
7. 9. 27
. 

11
5.

36
. 

86
. 

94
. 

11
0.
 

31
.

36
.

46
.

15
0.

11
0. 32
.

HG
 
PP

M

0.
65
 

.0
3 

.1
0 

.0
1 

.4
4

.4
3 

1.
30
 

.1
5 

.2
8 

.7
9

SB
 
PP
M

4.
5 

1.
6 .8 .4
 

2.
8

3.
1 

6.
4 

1.
3 

6.
2 

2.
9

SE
 
PP
M

4.
1 

1.
9 

2.
1 

1.
7 

3.
9

3.
5 

6.
4 

2.
1 

3.
2 

3.
1

TH
 
PP

M

2.
2 

10
.0
 

13
.2 7.
3

3.
0L

5.
7 

7.
4 

8.
1 

12
.6

 
3.

7

U 
PP

M

1.
0 

2.
4 

1.
3 

1.
0 .6 .9
 

2.
1 

2.
6 

2.
8 .6

N
J



oooooooooo oooooooooo 
oooooooooo oooooooooo

OOOOOOQOOO OOOOOOOOOO
oooooooooo oooooooooooooooooooo oooooooooo

to to to to tototototoi   C*
PI

tOIOtOrotO tOtOtOtOIr1 
w

rororototo rotororoi-~ f 
p>

OUltOOtO
r*>XJ

s
ooooo ooooo ji  »-^tou>toto

r f t-« r1 r1

rororo

>  U> 
» 10

. . . . ? 8 ooooo

ooooo ooooo

X 

CO

»d

?CO

"T3

3

>XJ

5

ooooo ooooo 
OMotototo ro-Otototo

O

oo> oo x
IOOOOVOIO O

a H o e
ar ? (B A 
Q A H1 CO

3 i c n»     A »-  f|
g»» H- A H- 
3 0.3

3 Hi « 
00 1 H-

§rr 
e  
IB: CD M A
A *< H
CD CD O
_ M- A
< 0> 3
A ft

A Hi O 
H

(to (ft -0 
M 3* »
8* »

rt to «d » - A
Ou 11

M»^ a 
n P.
§

03 »- 
00 M 
* H- 

A O 
 0 CO 3 
O C7"   
O « 
rr
1 CO CO 
O A H* 
00 » - 
H

U>^-\OOOU)

OOOOO OOOOO 2! 
> - >

OOOOO OOOOO

CO

OWUllsJl  e-
^4 
Wl

o. o<« 
A
s«*
III 3 e » RS"
«?»r 
ssÂ 
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Summary of analyses of bituminous coal, Interior province

Tabulated chemical data for 143 bituminous coal samples from rocks 

of Pennsylvanian age in the Interior province (Michigan, Indiana, Iowa, 

Nebraska, Missouri, Kansas, Oklahoma, and Arkansas; figs. 3 and 4) are 

presented in tables 17-24. On a regional basis, there are three 

samples from the Northern Interior region, 22 samples from the Eastern 

Interior region, and 118 samples from the Western Interior region. 

Statistical summaries of these data are listed in tables 16A, 16B, and 

16C. Because no analyses of samples from Illinois nor Western Kentucky 

are included in the data sets, the statistics are biased in favor of 

the Western Interior region coal.

Table 16A summarizes , on an as-received basis, the ultimate, 

proximate, Btu, and f orms-of-sulfur determinations on 90 Interior 

province coal samples. From this table, the average (arithmetic mean) 

ash content of coal in this Province is 12.6 percent, nitrogen 1.2 

percent, sulfur 3.9 percent, and the average Btu/lb is 11,580. For 

comparison, the average ash content of 158 Appalachian region bituminous 

coal samples (table 7A) is 11.0 percent, nitrogen 1.3 percent, sulfur 

2.3 percent, and the average Btu/lb is 12,890. In 86 Rocky Mountain 

province coal samples (table 33A) , the average ash content is 9.1 

percent, nitrogen 1.2 percent, sulfur 0.6 percent, and the average 

Btu/lb is 10,480.

A comparison ot the average concentrations of oxides and elements 

in the laboratory ash of 143 Interior province coal samples (table 16B) 

with 331 Appalachian region samples (table 7B) shows that CaO, Fe^O,., 

MnO, S0_, Cd, Pb, and Zn concentrations are higher by more than 50 percent 

in the Interior province coal while Si02 , Al 0_, K?0, Ti02 , Cu, and Li are

higher by more than 50 percent in the Appalachian region coal; SiO^, 

MgO, and Na~0 concentrations are about the same in these two sets. A 

similar comparison with the ash of 124 Rocky Mountain province coal 

samples (table 33B) shows that K 0, Fe 0 , MnO, Cd , Cu, Pb, and Zn are
^L £  J

higher by more than 50 percent in the Interior province coal, while 

SiO ? and Na_0 are higher by more than 50 percent in the Rocky Mountain 

province coal. Al 0 , CaO, MgO, TiO , SO , and Li contents are about 

the same in these two sets.
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Table 16C summarizes the oxide or element data calculated to, or 

reported on, a whole-coal basis. For comparative purposes, the average 

element concentrations in shale (Turekian and Wedepohl, 1961, table 2) 

are also listed. A comparison of the average values of elements in 

Interior province coal with those in the average shale shows that the 

concentrations of Al, Mn, Ti, Li, Ba, Cr, Sr, and V are less by more 

than a factor of five in the coal, and that Mg, Na, K, F, and Zr are 

less by more than a factor of ten. Se is enriched in the coal by more 

than a factor of five, while Cd is enriched in the coal by more than a 

factor of ten. The concentration of the 21 other elements reported 

are similar to those in the average shale.
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Table J6A. Arithmetic mean, observed range, geometric mean, and geometric
deviation of proximate , ultimate, and forms-of-sulfur analyses for 90
Interior province coal samples

[All values are in percent except Btu and are reported on the as-received 
basis]

Arithmetic   , 
,, Observed range mean e

(abundance) Minimum Maximum

Proximate and ultimate

Moisture

Volatile matter

Fixed carbon

Ash

Hydrogen

Carbon

Nitrogen

Oxygen

Sulfur

Btu

7.2

32.2

48.0

12.6

4.9

65.2

1.2

12.2

3.9

11,580

1.3

13.9

25.5

1.7

3.4

38.4

.6

1.7

.4

6,670 14,

Geometric 
mean 

(expected Geometric 
value) deviation

analyses

18.6

43.5

79.8

36.7

6.1

86.0

1.9

25.8

13.5

770

5.9

30.9

46.3

10.7

4.9

64.3

1.2

10.7

3.0

11,440

1.9

1.4

1.3

1.9

1.1

1.2

1.3

1.7

2.2

1.2

Forms of sulfur

Sulfate

Pyritic

Organic

0.27

2.37

1.25

0.01

.07

.22

1.90

11.85

2.99

0.11

1.49

1.05

4.4

3.1

1.9
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Table/6B. Arithmetic mean, observed range, geometric mean, and geometric
deviation of 15 ma .lor and minor oxides and trace elements in the ash
of 143 Interior province coal samples

[All samples

Oxide or 
element

Ash %

Si02 %

A1203 %

CaO %

MgO %

Na£0 %

K20 %

Fe203 %

MnO %

Ti02 %

so3 %

Cd ppm

Cu ppm

Li ppm

Pb ppm

Zn ppm

were ashed

Arithmetic 
mean 

(abundance)

15.7

27

13

10

1.25

.37

1.3

30

.12

.62

7,0

48

147

74

295

2,220

at 525°C; 
shown]

L after a

Observed range 

Minimum Maximum

2.1

3.5

1.4

.31

.10 L

.08

.07

3.6

.010

.10

.38

1 L

26

10 L

25 L

36

45.9

57

31

30.

10

3.4

3.2

69

4.7

1.4

29

580

632

276

2,700

60,000

value means less

Geometric 
mean 

(expected value)

12.9

24

11

5.4

.81

.27

.99

26

.075

.54

4.8

.8

126

54

146

451

than the vali

Geometric 
deviation

1.9

1.7

1.7

3.1

2.6

2.2

2.0

1.7

2.7

1.7

2.4

18.5

1.7

2.2

3.3

6.0
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Table/6C. Arithmetic mean, observed range, geometric mean, and geometric 
deviation of 36 elements in 143 Interior province coal samples (whole- 
coal basis). For comparison average shale values are listed(Turekian 
and Wedepohl. 1961)

[As, F, Hg, Sb, Se, Th, and U values used to calculate the statistics were
determined directly on whole-coal. All other values used were calculated 
from determinations made on coal ash. L means less than the value shown; 
G means greater than the value shown]

Element

Si Z
Al %
Ca Z
Mg Z
Na Z
K Z
Fe Z
Mn ppm
Ti Z
As ppm
Cd ppm
Cu ppm
F ppm
Hg ppm
Li ppm
Pb ppm
Sb ppm
Se ppm
Th ppm
U ppm
Zn ppm
B ppm
Ba ppm
Be ppm
Co ppm
Cr ppm
Ga ppm
Mo ppm
Nb ppm
Ni ppm
Sc ppm
Sr ppm
V ppm
Y ppm
Yb ppm
Zr ppm

Arithmetic 
mean 

(abundance)

2.0
.97

1.2
.089
.035
.16

3.3
138

:052
21
7.1

20.2
71

.14
11
55
1.7
4.6
5.2
3.3

373
100
70
3
7

15
5
5
1.5

30
3

50
20
10

.7
- 15

Observed 

Minimum

.14

.15

.025

.009

.002

.011

.23

range 

Maximum

9.0
3.6
6.3
1.0
.21
.53

16
4.4 4,400
.01

1 L
.02 L

3.7
20 L

.01 L

.44

.7 L

.1 L

.23
3.0 L
.2 L

1.2 18,
1.5 L
5 3,
.1 L

1
2
.5 L
.7 L
.5 L

1
' .51
3 1,
3
1.5 L
.2

2

.21
240
100
158
330

.83
80

283
16
75
79
43

000
200
000

5
100
70
10
50
7

200
15

000 G
150
70
3

70

Geometric 
mean 

(expected 
value)

1.4
.77
.50
.063
.026
.11

2.3
72

.040
12

.12
16.3
58

.10
7.0

19
.8

2.8
1.6
1.4

58
50
30
1.5
7

10
3
2
.7

18
3

30
20
7
.7

10

Geometric 
deviation

2.3
2.0
3.8
2.3
2.2
2.4
2.4
3.1
2,1
2.9

18.3
1.9
1.9
2.3
2.7
4.3
3.4
2.7
4.8
3.8
6.9
3.4
2.6
3.1
2.3
2.0
2.0
2.8
2.6
2.4
2.1
2.8
2.1
1.9
2.0
2.0

Average 
shale

7.3
8.0
2.21
1.55
.96

2.66
4.72

850
.46

13
.3

45
740

.4
66
20
1.5
.6

12
3.7

95
100
580

3
19
90
19
2.6

11
68
13

300
130
26
2.6

160
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Summary of analyses of lignite, Gulf province

Tabulated chemical data for 34 lignite samples from rocks of 

Tertiary age in Alabama, Mississippi, and Arkansas (fig. 5) are listed 

in tables 26-28. Statistical summaries of these data are listed in 

tables 25A, 25B, and 25C. Twenty-four lignite samples from Texas are 

now being analyzed by the U.S. Geological Survey; when analyses of these 

samples are summarized in combination with the 34 Gulf province analyses 

listed in this report, a much more complete picture of the chemical 

composition of Gulf province lignite will result.

Table 25A summarizes on an as-received basis the ultimate, proximate, 

Btu, and forms-of-sulfirr determinations of 19 Gulf province lignite 

samples from Alabama and Mississippi. From this table the average 

(arithmetic mean) ash content in lignite from this region is 16.0 

percent, nitrogen 0.4 percent, sulfur 1.9 percent, and the average 

Btu/lb is 4,170* For comparison, the average ash content in 40 Northern 

Great Plains province coal samples (table 29A) is 8.3 percent, nitrogen 

0.9 percent, sulfur 1-2 percent, and the average Btu/lb is 8,480.

A comparison of the average concentrations of oxides and elements 

in the laboratory ash of 34 Gulf province lignite samples (table 25B) 

with those in the laboratory ash of 490 Northern Great Plains province 

coal samples (table 29B) shows that SiO , K 0, Fe ?0 , MnO, Cd, and 

Pb concentrations are higher by more than 50 percent in the Gulf 

province lignite, while CaO, MgO, and Na ? 0, and Zn are higher by more 

than 50 percent in the Northern Great Plains coal. Al 0 , TiO , S0_, 

Cu, and Li concentrations are about the same in both sets of samples.

TabJe 25C summarizes the oxide or element data calculated to, or 

reported on, a whole-coal basis. For comparative purposes, the average 

element concentrations in shale (Turekiaii and Wedepohl, 1961, table 2) 

are also listed. A comparison of the average values of elements in Gulf 

province lignite with those in the average shale shows that the 

concentrations of Mg, K, and F are less by more than a factor of five 

in the coal. Se is enriched in the coal, by more than a factor of ten. 

The concentrations of the 32 other elements reported in the table are 

very similar to those in the average shale.
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Table Z$k. Arithmetic mean, observed range, geometric mean, and geometric
deviation of proximate, ultimate, and forms- of -sulfur analyses for
19 Gulf province lignite samples

[All values are in percent except Btu and are reported on the as-received 
basis]

Geometric
Arithmetic n. , mean 

Observed range , , 
mean. ° (expected

(abundance) Minimum Maximum value)

Proximate and ultimate

Moisture

Volatile matter

Fixed carbon

Ash

Hydrogen

Carbon

Nitrogen

Oxygen

Sulfur

Btu

46.9

20.4

16,7

1.6.0

7.1

24,9

.4

49.7

1.9

4,170

36.5

12.1

6.6

2.8

5.3

12.9

.3

39.0

.3

2,050 5,

analyses

52.5 46.6

26.9 20.1

22.7 16.0

41.1 12.8 '

7.8 7.0

31.4 24.2

.7 .5

57.1 49.5

3.3 1.7

290 4,030

Geometric 
deviation

1.1

1.2

1.4

2.1

1.1

1.3

1.3

1.1

1.8

1.3

Forms of sulfur

Sulfate

Pyritic

Organic

0.33

.59

.96

0.02

.05

.22

1.0 0.02

1.87 .40

1.87 .80

3.2

2.9

1.9
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Table2$3.  Arithmetic mean, observed range, geometric mean, and geometric
deviation of 15 major
of 34

and minor oxides and trace elements
Gulf province lignite samples

[All lignite samples were

Oxide or 
element

Ash %

Si02 %

A1203 %

CaO %

MgO %

Na20 %

K20 %

Fe2°3 %

MnO %

TiO %

so3 %

Cd ppm

Cu ppm

Li ppm

Pb ppm

Zn ppm

Arithmetic 
mean 

(abundance)

27.6

44

14

7.1

1.9

.29

1.0

14

.14

.94

13

4.8

115

81

78

159

ashed at 550°C; L 
value shown]

Observed range 

Minimum Maximum

5.2 61.7

19 74

7.5 32

.31 19

.11 5.95

.07 .95

.21 2.5

1.5 2.9

.010 .35

.42 4.2

.6 25

1 L 14

22 470

10 330

25 L 210

35 580

in the ash

after a value means less than

Geometric 
mean 

(expected value)

22.4

41

13

3.7

1.3

.1

.80

10

.05

.82

8.3

1.0

87

62

25

123

Geometric 
deviation

1.9

1.4

1.4

3.1

2.5

2.0

2.0

2.1

3.4

1.7

2.7

2.5

2.1

2.1

1.8

2.0
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Table ̂ sc.  Arithmetic mean, observed range, geometric mean, and geometric 
deviation of 36 elements in 34 Gulf province lignite samples (whole- 
lignite basis). For comparison average shale values are listed (Turekian 
and Wedepohl , 1961)

[As, F, Hg, Sb, Se, Th, and U values used to calculate the statistics were
determined directly on whole-coal. All other values used were calculated 
from determinations made on coal ash. L means less than the value shown]

Element

Si %
Al 2
Ca I
Mg %
Na 2
K 2
Fe %
Mn ppm
Ti I
As ppm
Cd pptn
Cu ppm
F ppm
Hg ppm
Li ppm
Fb ppm
Sb ppm
Se. ppm
Th ppm
U ppm
Zn ppm
B ppm
Ba ppm
Be ppm
Co ppm
Cr ppm
Ga ppm
Mo ppm
Nb ppm
Ni ppm
Sc ppm
Sr ppm
V ppm
Y ppm
Yb ppm
Zr ppm

Arithmetic 
mean 

(abundance)

6.6
2.1
1.2
.291
.732
.30

2. 2
240

.16
6
1.3

28
124

.18
28
20

. 9
7.0
8.3
3. 2

40
100
200

2
7

20
10
3
7

20
7

20C
50
20
2

70

Observed

Minimum

0,57
.34
.02
,013
.003
.012
,14

7.4
.02

J.
.11 L

3,3
24

.03

.9
2.8 L
.2

1.8
3.0 L
.5

5.4
10 L
15

.2
1
3
2

. 5
1,
3
1
 ?

/
2
.3

7

range 

Maximum

17.9
.6

2.4
.528
.190

1.3
5.4

690
,75

16
5.50

289
350
1.00

145
129

5.2
17
28.4
16.7

201
200
700
15
30
70
30
10
70
70
15

700
100
50
5

200

Geometric, 
mean 

(expected 
value)

4.2
1.6
.60
.170
.009
.15

1.6
51

.11
5
.2

20.0
91

.13
14.0
2.8
.7

5.8
3.0
2.4
28.0

100
150

2
5

15
7
.7

2
15
5

150
30
15
1.5

50

Geometric 
deviation

2.5
2.2
3.2
2.8
3.3
3.3
2.2
3.7
2.4
2.0
3.0
2.4
2.2
2.2
3.3
2.3
2.2
1.8
2.6
2.1
2.3
1.6
2.1
2.5 ;
2.1
2.4
2.2
2.1
6.7
2.0
1.9
2.5
2.1
2.2
2.0
2.6

Average 
shale

7.3
8.0
2.21
1.55
.96

2.66
4.72

850
.46

13
.3

45
740

.4
66
20
1.5
.6

12
3.7

95
100
580

3
19
90
19
2.6

11
68
13

300
130
26
2.6

160
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Summary of analyses of lignite and subbituminous coal, 

Northern Great Plains province

Tabulated chemical data for 93 coal samples from the Tertiary rocks 

in the Northern Great Plains province (North Dakota, Montana, and 

Wyoming) are listed in tables 30-32. Statistical summaries of these 

data are listed in tables 29A, 29B, and 29C. Seventy-five of the 

samples are from the Powder River region and 18 are from the Fort 

Union region. These 93 samples are from a limited number of sites, and 

therefore, may not be representative of all coal of this province.

Table 29A summarizes, on an as-received basis, the ultimate, 

proximate, Btu, and forms-of-sulfur determiantions of 40 Northern Great 

Plains coal samples. From this table, the average (arithmetic mean) ash 

content in coal from this province is 8.3 percent, nitrogen 0.9 percent, 

sulfur 1.2 percent, and the average Btu/lb is 8,480. For comparison, 

the average ash content in 86 Rocky Mountain province coal samples 

(table 33A) is 9.1 percent, nitrogen 1.2 percent, sulfur 0.6 percent, 

and the average Btu/lb is 10,480. In 90 Interior province coal samples 

(table 16A) the average ash content is 12.6 percent, nitrogen 1.2 percent, 

sulfur 3.9 percent, and the average Btu/lb is 11,580.

A comparison of the average concentrations of oxides and elements 

in the laboratory ash of 93 Northern Great Plains province coal samples 

(table 29B) with those in the laboratory ash of 124 Rocky Mountain 

province coal samples (table 33B) shows that CaO, MgO, Na~0, Fe 0 , MnO, 

S0_, and Zn are higher by more than 50 percent in the Northern Great 

Plains coal, while SiO~ and K 0 are higher by more than 50 percent in 

the Rocky Mountain province coal. Concentrations of Al 0», TiO , and 

Cd, Cu, Li, and Pb are about the same in both sets of samples. A 

similar comparison with the laboratory ash of 143 Interior province 

coal samples (table 16B) shows that CaO, MgO, Na~0, and SO are higher 

by more than 50 percent in the Northern Great Plains coal, while K 0, 

Fe^O,,, MnO, Cd, Cu, Pb, and Zn are higher by more than 50 percent in 

the Interior province coal. SiO_, Al_0», TiO , and Li are about the 

same in these two sets.
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Table 29C summarizes the oxide or element data calculated to, or 

reported on, a whole-coal basis. For comparative purposes, the average 

element concentrations in shale (Turekian and Wedepohl, 1961, table 2) 

are also listed. A comparison of the average value of elements in 

Northern Great Plains province coal with those in the average shale 

shows that the concentrations of Si, Mg, Na, Fe, Cu, Be, Co, Ga, Sc, 

Y, and Yb are less by more than a factor of five in the coal, while 

Al, K, Mn, Ti, F, Li, Cr, Ni, V, and Zr are less by more than a factor 

of 10. The concentrations of the 15 other elements listed in the table 

are very similar to those in the average shale.
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Table^9A. Arithmetic mean, observed range, geometric mean, and geometric
deviation of
40 Northern

proximate, ultimate, and
Great Plains

forms-of-sulfur analyses for
province samples

[All values are in percent except Btu and are reported on the 
basis]

Moisture

Volatile matter

Fixed carbon

Ash

Hydrogen

Carbon

Nitrogen

Oxygen

Sulfur

Btu

Arithmetic 
mean 

(abundance)

Proximate

24.5

31.7

35.4

8.3

6.2

49.2

.9

34.2

1.2

8,480

Observed range 

Minimum Maximum

and ultimate

17.8

26.3

25.1

4.2

5.4

37.0

.5

27.7

.2

6,330 9

analyses

36.9

38.9

41.7

21.9

6.8

56.8

1.4

46.6

4.9

,900

Geometric
mean 

(expected 
value)

24.1

31.5

35.2

7.6

6.2

48.9

.8

34.0

.8

8,440

as-received

Geometric 
deviation

1.2

1.1

1.1

1.5

1.1

1.1 -

1.3

1.1

2.5

1.1

Forms of sulfur

Sulfate

Pyritic

Organic

0.03

.76

.37

0.01L

.01

.06

0.13

4.13

.89

0.02

.26

.32

2:3

5.0

1.9
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Table 2.9B. Arithmetic mean, observed range, geometric mean, and geometric
deviation of 15 major and minor oxides and trace elements in the ash
of 93 Northern Great Plains province coal samples

[All samples

Oxide or 
element

Ash %

Si02 %

A1203 %

CaO %

MgO %

Na20 %

K20%

Fe203 %

MnO %

Ti02 %

so3 %

Cd ppm

Cu ppm

Li ppm

Pb ppm

Zn ppm

were ashed at

Arithmetic 
mean 

(abundance)

10.1

28

13

15

4.55

3.24

.43

9.6

.063

.71

16

1

86

57

46

246

525°C; L after a value means less than 
shown]

Observed range 

Minimum Maximum

5.1

4.4

3.4

2.6

1.94

.08

.06

.29

.02L

.09

2.5

1 L

28

10

25 L

16

26.2

5.8

20

27

9.63

12.4

1.7

50

.45

1.6

41

5.5

244

158

570

880

Geometric 
mean 

(expected value)

9.5

24

12

14

4.3

1.4

.35

6.8

.035

.64

15

.7

77

45

37

135

the value

Geometric 
deviation

1.4

1.6

1.5

1.5

1.4

3.6

1.9

2.3

3.0

1.6

1.6

2.4

1.6

2.0

2.0

3.0
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Table 2.9C .  Arithmetic mean, observed range, geometric mean, and geometric 
deviation of 36 elements in 93 Northern Great Plains province coal 
samples (whole-coal basis). For comparison average shale values are 
listed (Turekian and Wedepohl, 1961)

[As, F, Hg, Sb, Se, Th, and U values used to calculate the statistics were 
determined directly on whole-coal. All other values used were calculated 
from determinations made on coal ash. L means less than the value shown]

Element

Si I
Al Z
Ca Z
Mg Z
Na Z
K Z
Fe Z
Mn ppm
Ti Z
As ppm
Cd ppm
Cu ppm
F ppm
Hg ppm
Li ppm
Pb ppm
Sb ppm
Se ppm
Th ppm
U ppm
Zn ppm
B ppm
Ba ppm
Be ppm
Co ppm
Cr ppm
Ga ppm
Mo ppm
Mb ppm
Ni ppm
Sc ppm
Sr ppm
V ppm
Y ppm
Yb ppm
Zr ppm

Arithmetic 
mean 

(abundance)

1.4
.69
.97
.255
.182
.040
.75

51
.042

3
.2

8.3
45

.09
6.0
5.3
.6

1.0
2.7
.9

25.6
70

500
.5

2
5
3
2
5
3
2

150
10
5
.3

15

Observed 

Minimum

0.17
.18
.49
.116
.008
.006
.025

9 L
.012

1 L
.1 L

2.4
20 L

.01 L

.6
1.4
.1 L
.1 L

2.0 L
.2 L

1.1
30
15 2

.1 L

.5 L

.7

.5

.5

.7 L

.7

.5 L
15
1.5
1
.1

3

range 

Maximum

5.6
2.5
1.9
.448
.672
.37

8.9
370

.13
30

.5
22

255
.49

18.0
42.1
2.5
6.7
8.0
2.9

86.3
200
,000

1.5
7

30
15
7
5

20
5

700
50
20
1.5

50

Geometric 
mean 

(expected 
value)

1.1
.59
.92
.245
.100
.028
.45

34
.037

2
.2

7.4
37

.06
4.3
4.3
.4
.5

2.4
.7

12.8
70

300
.3

1.5
3
2
1.5
3
2
1.5

100
7
3
.3

15

Geometric 
deviation

2.0
1.7
1.4
1.3
3.0
2.3
2.7
2.4
1.7-
2.4
1.7
1.6
1.8
2.4
2.3
1.9
2.2
2.9
1.6
2.1
3.3
1.5
2.4
2.4
1.9
2.2
1.8
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Summary of analyses of coal, Rocky Mountain province

Tabulated chemical data for 124 coal samples from rocks of Late 

Cretaceous and Early Tertiary age in the Rocky Mountain province 

(Wyoming, Colorado, Utah, Arizona, and New Mexico) are presented in 

tables 34-45. Statistical summaries of these data are listed in 

tables 33A, 33B, and 33C.

Table 33A summarizes, on an as-received basis, the ultimate, 

proximate, Btu, and forms-of-sulfur determinations on 86 Rocky Mountain 

coal samples. From this table, the average (arithmetic mean) ash 

content of coal in this province is 9.1 percent, nitrogen 1.2 percent, 

sulfur 0.6 percent, and the average Btu/lb is 10,480. For comparison, 

the average ash content of 90 Interior province bituminous coal samples 

(table 16A) is 12.6 percent, nitrogen 1.2 percent, sulfur 3.9 percent, 

and the average Btu/lb is 11,580.

A comparison of the average concentrations of oxides and elements 

in the laboratory ash of 124 Rocky Mountain province coal samples 

(table 33B) with those in the laboratory ash of 143 Interior province 

bituminous coal samples (table 15B) shows that SiO,, and Na^O are higher 

by more than 50 percent in the Rocky Mountain coal, while K-0, Fe90^,
^1 £ <J

MnO, Cd, Cu, Pb, and Zn are higher by more than 50 percent in the 

Interior province coal. Al.O , CaO, MgO, TiO., S0 q , and Li are about
^L j ^1*3

the same in both sets of samples.

Table 33C summarizes the oxide or element data calculated to, or 

reported on, a whole-coal basis. For comparative purposes, the average 

element concentrations in shale (Turekian and Wedepohl, 1961, table 2) 

are also listed. A comparison of the average values of elements in 

Rocky Mountain province coal with those in the average shale shows that 

the concentrations of Al, Na, Ti, Hg, Li, Zn, Co, Ga, Sc, V, Y, Yb, 

and Zr are less by more than a factor of five in the coal, and that the 

concentrations of Mg, K, Fe, Mn, F, Cr, and Ni are less by more than a 

factor of ten. The concentrations of the 16 other elements reported 

in the table are very similar to those in the average shale.
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Table 334. Arithmetic mean, observed range, geometric mean, and geometric
deviation of proximate, ultimate, and forms-of-sulfur analyses for 86
Rocky Mountain province samples

[All values are in percent except Btu and are reported on the as-received 
basis]

Arithmetic _, ,. 
Observed range 

mean
(abundance) Minimum Maximum

Proximate and ultimate

Moisture

Volatile matter

Fixed carbon

Ash

Hydrogen

Carbon

Nitrogen

Oxygen

Sulfur

Btu

12.9

36.0

42.0

9.1

5.6

59.7

1.2

23.8

.6

10,480

1.6

22.7

17.1

2.1

4.4

27.1

.5

8.2

.2

4,660 13,

Geometric 
mean 

(expected 
value)

Geometric 
deviation

analyses

35.0

46.7

52.5

32.2

6.7

75.2

1.6

47.9

5.1

370

10.5

35.7

41.5

7.7

5.6

58.9

1.1

22.4

.5

11,110

2.0

1.1

1.2

1.8

1.1

1.2

1.3

1.4

1.8

1.5

Forms of sulfur

Sulfate

Pyritic

Organic

0.05

.19

.32

0.01L

.02

.06

1.59

2.64

1.11

0.02

.11

.22

2.4

2.9

3.0
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Table 333 . Arithmetic mean, observed range, geometric mean, and geometric
deviation of 15 major and minor oxides and trace elements in the ash of
124 Rocky Mountain province coal samples

[All samples were ashed at 525°C; L after a value means less than the value 
shown ]

Oxide or 
element

Ash %

Si02 %

A1203 %

CaO %

MgO %

Na20%

K20%

Fe2°3 %

MnO %

Ti02 %

so3 %

Cd ppm

Cu ppm

Li ppm

Pb ppm

Zn ppm

Arithmetic rt, , Geometric 
Observed range   . . 

mean   mean Geometric
(abundance) Minimum Maximum (expected value) deviation

11.1 2.7 88.2

44 16 70

18 4.3 31

10 . 31 35

1.79 .22 5.53

1.21 .08 8.37

.64 .057 2.4

6.5 1.1 26

.04 .004 .55

.90 .02 L 1.8

8.5 .10 L 24

.8 1 L 4.0

84 22 386

76 11 328

39 20 L 75

86 19 322

9.3 1.8

42 1.4

17 1.5

7.0 2.4

1.43 2.0

.51 3.8

.44 2.4

5.7 1.7

.021 3.1

.80 1.6

5.5 2.5

.7 1.9

73 1.7

61 1.9

36 1.5

71 1.9
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Table33 C.  Arithmetic mean, observed range, geometric mean, and geometric 
deviation of 36 elements in 124 Rocky Mountain province coal samples 
(wfaole-coal basis). For comparison average shale values are listed 
(Turekian and Wedepohl, 1961)

[As, F, Hg, Sb, Se, Th, and U values used to calculate the statistics were 
determined directly on whole-coal. All other values used were calculated 
from determinations made on coal ash. L means less than the value shown]

Element

Si %
Al %
Ca %
Mg %
Na %
K %
Fe %
Mn ppm
Ti %
As ppm
Cd ppm
Cu ppm
F ppm
Hg ppm
Li ppm
Pb ppm
Sb ppm
Se ppm
Th ppm
U ppm
Zn ppm
B ppm
Ba ppm
Be ppm
Co ppm
Cr ppm
Ga ppm
Mo ppm
Nb ppm
Ni ppm
Sc ppm
Sr ppm
V ppm
Y ppm
Yb ppm
Zr ppm

Arithmetic 
mean 

(abundance)

2.5
1.2
.59
.104
.102
.076
.45

36
.061

2
.5 .11

9.1
70

.06
9.2
5.5
.4

1.6
3.6
1.6
9.9

70
200

.7
2
5
3
1.5
5 1
3
2

100
15
5
.5

20

Observed 

Minimum

0.19
.17
.076
.015
.003
.003
.094

3
.011

1 L
.03 L

1.5
20 L

.01

.6

.9

.1 L

.1 L
3.0 L
.2 L

1.0

10
3
.07
.3
.5
.5
.2 L
.3
.7
.3

15
2
.7
.07

3

range 

Maximum

23
13
2.1
.759
.664

1.7
4.2

492
.54

50
.5

100
920

1.48
82.9
19.4
4.2
5.7

34.8
23.8

130

150
700

3
10
70
30
15
30
20
15

700
100
30
2

70

Geometric 
mean 

(expected 
value)

1.8
.83
.46
.080
.035
.034
.37

21
.044

1
.3 . L

6.8
51

.04
5.6
4.2
.3

1.0
2.0
.8

6.6

50
150

.5
1.5
5
2
.7

/3 -
3
1.5

70
10
5
.3

15

Geometric 
deviation

2.2
2.3
2.0
2.1
4.3
3.5
1.9
2.9
2.2
2.4
2.5
2.1
2.2
2.3
2.7
2.1
2.2
2.6
3.1
3.3
2.5

2.0
2.5
2.4
2.1
2.4
2.1
3.4
2.7
2.1
2.1
2.1
2.1
2.1
2.1
2.4

Average 
shale

7.3
8.0
2.21
1.55
.96

2.66
4.72

850
.46

13
.3

45
740

.4
66
20
1.5
.6

12
3.7

95
100
580

3
19
90
19
2.6

11
68
13

300
130
26
2.6

160
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Summary of analyses of coal, Alaska province

Tabulated chemical data for 18 subbituminous coal samples from 

rocks of Tertiary age in the Alaska province (fig. 9) are presented in 

table 48. Statistical summaries of these data are listed in tables 

47A, 47B, and 47C. Five of these samples (D172331-335) are relatively 

old, and, because of their anomalously high mercury content (2 to 63 

ppm), must be considered contaminated. The 18 Alaska samples were 

collected from only five separate localities and must not be considered 

representative of all Alaska coal.

Table 47A summarizes, on an as-received basis, the ultimate, Btu, 

and forms-of-sulfur determinations on nine Alaska province coal samples. 

This table shows that the average (arithmetic mean) ash content of 

Alaska coal is 10.7 percent, nitrogen 0.7 percent, sulfur 0.2 percent, 

and the average Btu/lb is 6,130. For comparison, the average ash content 

in 86 Rocky Mountain province coal samples (table 33A) is 9.1 percent, 

nitrogen 1.2 percent, sulfur 0.6 percent, and the average Btu/lb is 

10,480.

A comparison of the average concentrations of oxides and elements 

in the laboratory ash (table 47B) of 18 Alaska province samples with 

those in the laboratory ash of 124 Rocky Mountain province coal samples 

(table 33B) shows that MgO, MnO, Cd, Cu, and Zn are higher by more than 

50 percent in the Alaska province coal, while concentrations of Na_0, 

Fe^O and SO are higher by more than 50 percent in the Rocky Mountain 

province coal. SiO , Al 0~, CaO, K 0, TiO_, Li, and Pb contents are 

about the same in both sets of samples.

Table 47C summarizes the oxide or element data calculated to, or 

reported on, a whole-coal basis. For comparative purposes, the average 

element concentrations in shale (Turekian and Wedepohl, 1961, table 2) 

are also listed. A comparison of the average values of elements in 

Alaska province coal with those in the average shale shows that the 

concentrations of Al, Ti, F, Li, Cr, Ni, and Zr are less by more than a 

factor of five in the coal and that Na, K, Fe, and Mn are less by more 

than a factor of ten. Mercury is enriched in the coal by more than a 

factor of ten, but the coal samples were probably contaminated. The 

concentrations of the 24 other elements reported in the table are very 

similar to those in the average shale.
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Table47A. Arithmetic mean, observed range, geometric mean, and geometric
deviation of proximate, ultimate, and forms-of-sulfur analyses for 9
Alaska samples

[All values are

Moisture

Volatile matter

Fixed carbon

Ash

Hydrogen

Carbon

Nitrogen

Oxygen

Sulfur

Btu

in percent except Btu and are reported on the 
basis]

Arithmetic 
mean 

(abundance)

Proximate

24.1

34.9

30.2

10.7

62.8

46.6

.7

35.5

.2

8,080

Observed range 

Minimum Maximum

and ultimate analyses

14.8 32.7

27.3 38.1

23.4 33.4

5.2 34.5

4.6 6.9

35.6 52.2

.5 .8

24.5 44.6

.1 .2

6,130 9,210

Geometric 
mean 

(expected 
value)

23.7

34.8

30.0

9.0

6.2

46.2

.7

35.1

.2

8,010

as-received

Geometric 
deviation

1.2

1.1

1.1

1.7

1.1

1.1

1.2

1.2

1.3

1.2

Forms of sulfur

Sulfate

Pyritic

Organic

0.01

.07

.12

0.01 0.02

.01 .11

.07 .17

0.01

.06

.11

1.3

2.1

1.3
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d 
c

[All

  -    , ~**^-*.~. *       *. uufi,*. f scviiic I- J. JL^ 111 Cell 1 j «

[eviation of 15 maior and minor oxides and trace element!
»f 18 Alaska coal samples

samples were ashed

Arithmetic 
Oxide or mean 
element (abundance)

Ash %

sio2 j

A1203

CaO %

MgO %

Na20 %

K20 %

Fe203

MnO %

Ti02 %

so3 %

Cd ppm

Cu ppm

Li ppm

Pb ppm

Zn ppm

13.5

I 40

% 20

14

3.7

: .17

.91

% 4.1

.07

.91

5.1

1.3

135

66

43

174

at 525°C; L after a 
shown]

Observed range 

Minimum Maximum

6.5 87.5

17 69

9.0 31

.79 2.9

.46 7.4

.08 .53

.29 2.8

1.7 9.5

. 02L . 20

.57 1.6

1.0 9.9

1 L 5.5

62 266

20 218

25 L 55

26 4,400

value means less

Geometric 
mean 

(expected value)

12.2

38

19

9.1

2.9

1.4

.75

3.5

.033

.89

4.0

1.0

124

55

42

79

aim geometric 
s in the ash

than the value

Geometric 
deviation

1.6

1.4

1.3

2.6

2.0

2.0

1.9

1.8

3.6

1.3

2.1

2.0

1.5

1.9

1.3

3.6
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Tab1e47C.  Arithmetic mean, observed range, geometric mean, and geometric 
deviation of 36 elements in 18 Alaska coal samples (whole-coal basis). 
For comparison average shale values are listed (Turekian and Wedepohl, 
19.61

[As,F, Hg,Sb,Se,Th, and U values used to calculate the statistics were
determined directly on whole-coal. All other values used were calculated 
from determinations made on coal ash. L means less than the value shown]

Element

Si %
Al %
Ca %
Mg %
Na %
K %
Fe %
Mn ppm
Ti %
As ppm
Cd ppm
Cu ppm
F ppm
Hg ppm
Li ppm
Pb ppm
Sb ppm
Se ppm
Th ppm
U ppm
Zn ppm
B ppm
Ba ppm
Be ppm
Co ppm
Cr ppm
Ga ppm
Mo ppm
Nb ppm
Ni ppm
Sc ppm
Sr ppm
V ppm
Y ppm
Yb ppm
Zr ppm

Arithmetic 
mean 

(abundance)

2.9
1.5
1.0
2.5
.018
.12
.38

61
.077

3
.2 L

16.8
90
4.4

10.1
5.9
2.7
2.0
4.4
1.2

24
70

700
.7

5
15
5
1.5
3

10
5

100
30
10
1

20

Observed 

Minimum

0.53
.48
.12
.057
.007L
.016
.12

16 L
.022

1
.1 L

8.2
30

.02
1.3
2.0
.5
.2 L

3.0 L
.4

2.3
15
20 1,

.2
1
5
2
1
1.5 L
2
1.5

50
15
3
.3

10

range 

Maximum

10.4
4.6
1.8
.43
.079
.87

1.2
132

.23
5
.7

48.8
335
63
43
15
8.2

11
18
5.2

435
200
500

3
30
70
10
2
7

30
15

200
100
50
3

70

Geometric 
mean 

(expected 
value)

2.2
1.2
.79
.21
.012
.076
.30

31
.065

3
.2 L

5.1
14

.21
6.7
5.3
1.8
.9

3.1
1.0
9.6

70
300

.3
3

15
3
1.5
2

10
5

100
30
7
.7

20

Geometric 
deviation

2.1
1.8
2.1
1.7
2.3
2.5
2.0
3.3
1,8
1.6
2.3
1.6
1.9

14
2.5
1.6
2.4
3.6
2.4
1.9
4.0
2.0
3.0
3.6
2.4
1.9
1.8
1.4
1.8
1.9
1.9
1.6
1.7
2.3
2.2
1.7

Average 
shale

7.3
8.0
2.21
1.55
.96

2.66
4.72

850
.46

13
.3

45
740

.4
66
20
1.5
.6

12
3.7

95
100
580

3
19
90
19
2.6

11
68
13

300
130
26
2.6

160
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